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ABSTRACT 
Stress can affect professional performance. Despite surgery being a safety-critical 
domain the effects of stress and coping on surgical performance have not been 
investigated. 
An interview study with sixteen surgeons investigated perceptions of stress and 
coping in surgery. Using a grounded theory data analysis revealed perceived 
detrimental effects of stress whereas coping strategies enhanced performance. In a 
subsequent study these hypotheses were investigated experimentally. Thirty surgeons 
performed challenging simulated operations. Surgeons' stress levels were assessed 
using the following measures: State-Trait-Anxiety-Inventory (STAI), observer rating 
by the surgical assistant (SA), surgeons' heart rate (HR), heart rate variability (HRV) 
and salivary cortisol (SC). Outcome measures included Objective Structured 
Assessment of Technical Skill (OSATS), Observational Teamwork Assessment for 
Surgery (OTAS), and End Product Assessment (EPA), rated by surgical experts. The 
number of reported surgical coping strategies (NC) was included as a variable. A 
multivariate regression analysis revealed that high stress levels (SA) were detrimental 
to all measures of surgical performance, whereas a high NC score showed 
performance-enhancing effects on OTAS and EPA. 
Based on these findings, stress management training for surgeons was developed and 
evaluated. A randomised control group design was used to investigate the effects of 
this intervention on surgeons' stress, coping and surgical performance. Sixteen 
surgeons were assessed during simulated operations. Performance measures included 
OSATS, OTAS, EPA, and surgical decision-making. Stress measures included STAI, 
SA, HR, HRV, and SC. A questionnaire assessed the number of applied surgical 
coping strategies (NC_Q). A t-test for paired samples revealed a significant 
enhancement of OTAS, NC_Q, and decreased stress reflected in HRV in the 
intervention group. A multiple linear regression analysis was used to explore 
between-subject effects and confirmed the significant influence of the intervention on 
NC_Q. Future research is needed to evaluate the efficacy of this training approach 
during real-life operations. 
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Section 1 
Theoretical Background 
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INTRODUCTION 
Clinicians' professional performance is essential to quality of health care and patient 
safety. Surgery is considered to be one of the most prestigious but also most 
demanding medical specialties. Recently, the demand on doctors has become the 
central topic in political and educational debates (e. g. Pickersgill, 2001; Chan, 2002). 
Changes to reduce work hours have taken place in the form of the European Working 
Time Directive (European Parliament and Council, 2000), and the improvement of 
surgical education and surgeons' work-life balance were emphasised at the 
Conference of the Association of Surgeons in Great Britain and Ireland (ASGBI) 
2006, Edinburgh, UK. The publications in leading medical journals reflect the 
importance if these issues (see Gaba & Howard, 2002 for a review; Fletcher et al., 
2005). There has been increasing research on assessment and training of technical 
surgical skills (Reznick & Macrae, 2006; Hamstra et al., 2006), and more recently on 
team communication and leadership, i. e. non-technical surgical skills (Yule et al., 
2006a). However, research on one of the most obvious issues in surgery: surgeons' 
stress and coping, and the impact of these factors on surgical performance is lacking. 
In this thesis, surgeons' occupational stress and coping have been explored in detail. 
Following an interview study, a theoretical model of perceived stressors, surgeons' 
stress responses and coping strategies and the relevance of these aspects to surgical 
performance was proposed. After that, a simulation of a challenging surgical 
procedure entailing typical stress factors of surgical practice was developed. This 
simulation design facilitated the experimental investigation of the effects of stress 
and coping strategies on surgeons' operative performance. Based on the findings of 
these studies, a stress management intervention for surgeons was evaluated. 
This thesis investigates a psychological research topic applied to surgery. This 
research was largely interdisciplinary, integrating expertise from the domains of 
psychology, surgery and education. Accordingly, the theoretical background section 
of this thesis covers a variety of aspects, written from a psychologist's perspective. In 
chapter 1, theoretical models on stress and coping are summarised. Chapter 2 
describes the characteristics of surgery as an occupational field. 
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The literature on stress in surgery is reviewed, followed by the aims of the research in 
this thesis. Chapter 3 presents methods used for the purpose of this research. It also 
describes selected aspects of surgery in detail to enable the non-surgical reader to 
relate to this work. 
1. STRESS AND COPING - GENERAL THEORETICAL BACKGROUND 
In this chapter, the psychological research on stress and coping is introduced. This 
includes the origin of stress research, established theoretical models of stress, and 
more specific theories referring to occupational stress. An overview of the described 
theoretical models stress and coping is provided in table I. I. In the second part of 
this chapter, the influences of stress and coping on professional performance are 
summarised. 
Traditional Stress Established Stress and Theories of work related 
Theories Coping Theories stress and coping 
James-Lange Theory Allostatic Load Model 
Job Demand Control 
Model 
(James, 1884; Lange, 1985) 
Fight or Flight 
Response 
(Cannon, 1914) 
General Adaptation 
Syndrome 
(Selye, 1956) 
(McEwen, 1998) 
Transactional Model of 
Stress 
(Lazarus & Folkman, 1984) 
Cognitive Motivational 
Relational Model 
(Lazarus & Folkman, 1991) 
Conservation of Resources 
(Hobfoll, 1989) 
Broaden and Build Model of 
Positive Emotion 
(Fredrickson, 2001) 
(Karasek, 1979) 
Proactive theories of 
stress and coping 
(Schwarzer, 2000; 2001) 
Model of Coping with 
Stresses of Managerial 
Occupations 
(Burke, 1979) 
Domain specific 
qualitative approaches 
(e. g. Gould, 1993) 
Table 1.1. Overview of theoretical models of stress and coping described in this chapter. 
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1.1 Stress: Definitions and models 
1.1.1 Stress definitions 
The term `stress' is used in our everyday language and is part of life for many people, 
particularly in the work context. The lay term reflects both a strain on the individual 
and their response to it. Commonly `stress' has a negative connotation. and suffering 
from stress implies on the one hand a high demand on the individual, and on the 
other hand level of individual vulnerability, due to a lack of resistance or the inability 
of managing or coping with challenges. 
In research, stress can be regarded from different perspectives. Stress can refer to a 
stimulus that acts as a strain on the human system. These stressors can be 
environmental events or experiences of the individual that require substantial 
adaptation (Cohen, Kessler & Gordon, 1995; Evans, Hucklebridge & Clow, 2000). 
Furthermore, stress can refer to a response of the human system. The psychological 
approach focuses on the individual perception of stress. This involves a subjective 
evaluation of resources enabling the individual to cope, leading to affective and 
cognitive responses and influencing behaviour. The biological approach focuses on 
the physiological response of the human system due to psychologically or physically 
demanding situations (Cohen, Kessler & Gordon, 1995). Finally, the transactional 
approach defines stress as an interaction of the individual and its environment 
Lazarus (1966). Depending on the research topic of interest, different aspects of 
stress can be considered. In this thesis, aspects of all scientific approaches to stress 
research were relevant. Work related sources of stress (i. e. stressors of surgical 
practice) were explored. Moreover, surgeons' psychological and physiological 
responses to stress (also referred to as stress levels) and behavioural consequences 
(i. e. professional performance) were investigated. The transactional perspective 
applies to the investigation of surgical coping strategies for occupational stress and 
the development of a stress management intervention. In the subsequent chapters, the 
general term stress is used when referring to the overall process of the individual 
responding to stressors and coping with the demands of a situation. The nature of 
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stress as a multidimensional construct was taken into account, considering the 
environmental, biological and physiological perspectives. 
The psychological construct of stress is closely related to anxiety. The response of 
anxiety is as multidimensional as stress is, including emotional. cognitive, 
physiological and behavioural changes. Two major aspects of anxiety are 
distinguished: emotionality and worry. Emotionality is defined as the perceived 
arousal as response to a threatening stimulus. This includes primarily physiological 
responses such as sweating or heart pounding, and closely related affective 
experiences such as feeling nervous. Worry on the other hand represents the cognitive 
component of experiencing anxiety. These two components are only low to 
moderately related (Karteroliotis & Gill, 1987). Worry is more strongly associated 
with performance impairment than emotionality (e. g. Kim & Rocklin, 1994). 
Furthermore, state and trait anxiety are distinguished (Spielberger, 1972; 
Spielberger, 1985). Trait anxiety refers to stable individual differences in the 
tendency to respond with state anxiety to stressful situations. State anxiety is the 
unpleasant emotional arousal due to a threatening situation. It forms a substantial part 
of an individual's stress response as a conditioned response to stressful stimuli, 
influencing the perceived magnitude of demand and the cognitive appraisal (Hinton 
et al., 1991). Stress, however represents a more complex construct. Physiological, 
cognitive and emotional components are considered in the scientific approaches 
explaining stress. Theoretical models of stress are described in the next section. 
1.1.2 Traditional models of stress 
The theoretical construct of stress has its origin in biopsychological observations of 
researchers in the late 19th and early 20th century. The first scientists to consider the 
link of emotion and physiology were William James (1884) and Carl Lange in 1885 
(see Lange, 1910), this theoretical approach is often referred to as `James-Lange- 
Theory', regarding the psychological experience of emotions as the conscious 
perception of physiological changes due to threatening stimuli. Cannon (1927) 
criticised this approach and provided evidence that emotions were of cerebral, not 
visceral, origin (Cannon, 1914). He regarded psychological and physiological 
28 
responses as an adaptation to situations of threat or danger, known as 'fight or flight 
response'. Cannon was one of the first who used the term `stress' and considered it as 
a factor affecting health. Selye developed this theory further with the General 
Adaptation Syndrome (GAS; Selye, 1956). The human response to stress was 
regarded as adaptive, as in Cannon's theory. However, in addition to the autonomic 
activation Selye introduces the activation of the hypothalamic-pituitary-adrenal axis 
(HPA), a neuroendocrine system that is responsive to psychological and 
physiological demands and interacts with the immune system. The GAS model 
includes three stages of the organism's response, i. e. alarm, resistance and 
exhaustion. First, in the alarm phase, the organism reaches a state of imbalance due 
to a stressor, and lacks energy and resources to meet or resist the stressor. This stage 
is referred to as `shock'. This is followed by an increased activation of the organism 
(the `counter-shock'). At the second stage, the organism prepares for resisting or 
coping with the stressor, including physiological changes to facilitate an optimal 
adaptation to the situation. At this stage other stimuli are reduced. When the stressor 
is not terminated in the resistance phase and the organism is repeatedly exposed to 
the stressor, the organism reaches the stage of exhaustion. 
Since then, various theoretical models of stress have been developed. In particular, 
psychophysiological stress research has built on Selye's approach considering the 
interaction of the autonomic nervous system (ANS) and the HPA axis in response to 
stress. The interdisciplinary scientific field of Psychoneuroimmunology (PNI) was 
established, investigating the underlying neural and neuroendocrine processes of 
stress and its influence on mental and physical health. Complex mechanisms of the 
communication between ANS, HPA and the immune system are the focus of this 
interdisciplinary science (Evans et al., 2000). During the last decades, PNI has made 
a significant contribution to the understanding of stress and the relationship between 
psychological and somatic responses. 
1.1.3 Psych ophysiologicaI mechanisms of stress 
The HPA axis is a regulatory neuroendocrine system, connecting the central nervous 
system (CNS) and the endocrine system. It facilitates the adaptation of the organism 
?9 
to increased demands and plays a central role in the response to acute stress. The 
perception of stressful stimuli via the CNS leads to physiological changes in the HPA 
axis. The neuro-sensory signals are processed in the hypothalamus, secreting 
corticotrophin-releasing hormone (CRH) and arginine vasopressin (APV). Both 
influence the noradgrenergic centres in the brain stem and the spinal cord. CRH 
further activates the HPA axis, triggering the release of adrenocortiocotropic 
hormone (ACTH) from the pituitary gland, leading to a release of glucocorticoids 
from the adrenal cortex. In humans, the main glucocortiscoid is cortisol, which can 
be regarded as the `end-product' of the HPA axis function. Cortisol influences 
various physiological processes in the body. This includes providing the required 
energy in stress situations, changes in the cardiovascular system and the immune 
system, and influence on emotional and cognitive processes (Evans et al., 2000; 
Wolf, 2003; Kudielka & Kirschbaum, 2007). 
Furthermore, CRH and the adrenal cortex are mutually influenced. CRH activates the 
noradrenergic pathways and stimulates the sympathetic branch (SNS) of the ANS. 
Noradrenaline is released by the peripheral sympathetic nervous system, and 
epinephrine and noradrenaline are released from the adrenal medulla. This leads to 
the typical `fight or flight responses', such as changes in heart rate, blood pressure, 
respiration rate, and gastrointestinal activity. These responses are in line with the 
endocrine stress responses described above. However, the sympathetic-adrenal- 
medullary response and the neuroendocrine response represent distinguished 
physiological reactions and systems (Schommer et al., 2003) 
It has been demonstrated that psychological factors influence physiological 
responses. At an early stage of PNI research, Mason (1968) stated several principles, 
including the following: i) Psychological influences are stimuli which affect the 
HPA, ii) the HPA response is not related to specific affective states but to general 
arousal, activity and coping, iii) novelty, uncertainty, and unpredictability (i. e. lack of 
control) are potent influences on the HPA, iv) psychological factors can increase of 
decrease the HPA activity, v) the interpretation of stimuli as stressful depends of 
multiple individual psychological determinants, and vi) measurement of the HPA 
activity provides a sensitive and objective index of the psychological state of an 
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individual. A review of the literature (Ursin, 1998) has largely confirmed these 
statements. The psychobiological perspective is in line with other theoretical models 
which are described in the next sections. It considers the cognitive appraisal of 
stimuli as essential in the stress process. Moreover, it conceptualises coping largely 
as perceived control (see statements ii and iii). Hence, coping is regarded as a 
mediating individual factor of the stress process. 
Allostatic Load Model 
McEwen's (1998b) concept of allostasis is based on the psychophysiological 
processes related to stress and potentially influencing mental and physical health. 
Stressors include major life events, trauma, and daily environmental stressors (e. g. 
work related). The organism reacts to these demands with an adaptive response of 
the HPA and SNS, as described above. When the stressful situation has ended, this 
activation returns to the initial state, which is defined as allostasis. However, 
repeated exposure to stress and subsequent activation of the stress system, as for 
example in chronic stress, leads to allostatic load. This is the psychophysiological 
state in which an organism is unable to balance out the response to stress, which is 
potentially affecting health. Research has shown that a dysfunctional HPA axis is 
associated with poor mental and physical health. Hyperreactivity of the HPA, a 
chronic overreaction, as found for example in major depression, is associated with 
negative health outcomes, for example diabetes or cardiovascular disease, whereas 
hypoactivity is associated with autoimmune diseases (McEwen, 1998a). 
The activation of the HPA axis can be influenced by various other factors. A meta- 
analysis provided evidence that the HPA response depends on characteristic of the 
stimulus. The greatest activation reflected in the release of cortisol was found for 
motivated performance tasks in conjunction with social evaluation and 
uncontrollable elements (Dickerson & Kemeny, 2004). Furthermore, there are gender 
differences in the reactivity of the HPA axis, i. e. a lower responsiveness in females 
(Kudielka et al., 1998; Kudielka & Kirschbaum, 2005). Moreover, variations due to 
individual differences have been found, e. g. self-esteem in healthy and clinical 
populations (Pruessner et al., 1999b; Pruessner et al., 1999a). 
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1.1.4 Established theoretical models of stress 
The traditional stress models by Cannon and Selye represent seminal work on stress 
and coping research. However, they have limitations, i. e. the focus on the 
physiological stress responses of an organism and not including psychological 
aspects of stress, the assumption that all individuals respond the same way, and the 
lack of evaluation of the applicability of this model to humans. Hobfoll (1989) 
criticised that Selye's approach implies that an individual only experiences stress 
when part of the GAS (i. e. a non-specific response) occurs. There is evidence that 
human stress responses vary in timing and type, i. e. if physiological or psychological 
responses occur (Lazarus & Folkman, 1984). Moreover, individual differences in 
stress responses were not considered. Established theoretical approaches are 
elaborated in the following paragraphs. 
1.1.4.1 Transactional Model of Stress (TMS) 
The most influential theory is the Transactional Model of Stress (TMS): the approach 
of stress as an interaction of the individual and his or her environment (Lazarus, 
1966; Lazarus & Folkman, 1984). It considers the perception of a potential stressor, 
individual coping resources and a cognitive appraisal process. In the primary 
appraisal, the individual evaluates an event or situation as irrelevant, 
benign/positive, or stressful. If the latter is the case, the secondary appraisal follows. 
The individual evaluates the available coping resources, including availability and 
advantages of different coping strategies to reach or maintain a desirable goal. Then a 
final re-appraisal of the situation takes place. The outcome of this appraisal process 
can be categorised as i) harm or loss appraisal, where a damage has already occurred, 
ii) threat appraisal, where the stressful event is anticipated, or iii) challenge appraisal, 
including a possibility of succeeding, but requiring substantial coping efforts. The 
subsequent coping behaviour can be manipulative, i. e. influencing the stressor, or 
adaptive. This theoretical approach has been refined as described in the next section. 
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1.1.4.2 Cognitive Motivational Relational Model (CMRM) 
The Transactional Model of Stress (TMS) was developed further to the Cognitive 
Motivational Relational Model (CMRM; Lazarus, 1991). Whereas the TMS focuses 
on stress as a bi-directional interaction of individual and environment, the CMRM 
includes the construct of emotion. Emotions are regarded as a process, entailing the 
stages of anticipation, provocation, followed by unfolding and the outcome. 
Cognitions precede and thus influence emotions, they represent the underlying 
meaningful content of emotions (i. e. knowledge and appraisal), and the nature of the 
cognitive process resulting in emotion, i. e. conscious or subconscious. 
The transactional approaches including the cognitive appraisal process offer a 
comprehensive model explaining stressful episodes. They are considered as a 
standard for conducting stress research (Schwarzer, 2001). However, Hobfoll (1989) 
criticises the insufficient conceptualisation of stress as by the TSM. He stated that 
stress was not clearly defined, and consequently cannot be tested empirically. 
Demand and coping are not distinct concepts: "Demand is that which is offset by 
coping capacity. Yet coping capacity is that which offsets threat or demand" 
(Hobfoll, 1989, p. 515). Hobfoll developed an alternative model to the previous 
theoretical approaches, which is described in the following section. 
1.1.4.3 Conservation of Resources Model (COR) 
Hobfoll suggested an alternative to previous theories of stress: the Conservation of 
Resources Model (COR; Hobfoll, 1989). In this theory, resources are the central 
construct for understanding stress. They are defined as objects, personal 
characteristics, conditions, objects or energies of individual value. The individual is 
regarded as generally aiming to retain, protect, and build up resources. When not 
under stress, individuals are motivated to enrich their resource pool. Moreover, 
resource loss has primacy over resource gain, as it has a greater impact on various 
factors, e. g. health or emotional experiences. A threat is defined as the potential or 
actual loss of the individually valued resources. The stressor can be either i) a threat 
of a net loss of resources, ii) the actual net loss of resources, or iii) a perceived or 
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actual lack of resource gain following the investment of resources. Hobfoll claims 
that most resources are objectively determined and observable. and therefore the 
COR model to be empirically testable, whereas he criticised the transactional 
approach as a highly subjective `appraisal theory'. However, cognitive appraisal also 
plays a role in evaluating resources, resulting in an interpretation of a stressor as a 
threat or challenge and in re-evaluating lost resources. Hence, both the COR model 
as well as the transactional approaches involve cognitive appraisal processes to 
some extent. 
1.1.4.4 Broaden and Build Model of Positive Emotions 
The concept of an individual's motivation to increase their resources is also a central 
element of the Broaden and Build Model of Positive Emotions (BBPE; Fredrickson, 
2001). Positive emotions, such as joy, interest, contentment and love, broaden the 
thought-action repertoire of an individual by enhancing the level of positive 
interaction with the environment, e. g. exploration and creativity. This leads to 
building up resources, e. g. physical and intellectual resources or social bonds. These, 
in turn, increase the coping repertoire for stressful situations and thereby the 
resilience to stress. 
In recent years, the role of positive emotion in the stress and coping process has 
received increasing attention. Under severe distress, simultaneously increased 
positive affective experiences were reported (Folkman, 1997) and there is evidence 
that positive and negative affect generally co-occur as a bipolar response (Larsen et 
al., 2001). An additional component to the transactional model, meaning focussed 
coping, was suggested (Folkman, 1997; Folkman & Moskowitz, 2004). It is part of 
the appraisal process, representing a shift of the attention to overarching values, such 
as purpose in life. It entails a re-evaluation of stressors, considering the broader 
context of personal values. The TMS and CMRM have been extended by including 
this aspect. 
The complexity of stress and coping in humans was emphasised by Berntson and 
Caccioppo (2000). They highlighted the relevance of cognitive, emotional, 
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physiological and social aspects influencing the experience of an individual. They 
suggested an interdisciplinary research approach investigating psychosocial as well as 
psychobiological issues from a multilevel perspective. Furthermore, the complexity 
of situations in real life needs to be taken into account. This is supported by Briner et 
al. (2004) in a critical theoretical reappraisal of conventional stress and coping 
theories. The authors highlighted the multifactorial nature of stress and coping 
processes, in particular in the work context. They criticised most models as lacking 
validity as they are too simplistic. Specific aspects of situations and characteristics of 
individuals and the organisation need to be considered when investigating stress and 
coping at work. This highlights that general stress theories would not sufficiently 
explain stress and influences on professional performance. The authors emphasise 
that investigations with focus on a particular occupational field and clearly defined 
work situations and tasks are needed. 
Most of the theoretical concepts of stress describe a process which includes factors 
causing a strain on the individual, responses to this demand, and the aim to manage 
such demanding situations. The more recent and advanced theories such as the ALM, 
CMRM, COR and BBPE consider complex interactions of cognitive, emotional, 
physiological, social and behavioural aspects within this process. Nevertheless, the 
models represent generalisations. Specific situations such as work or performance 
related stress and coping may be compared to these models, but they are not 
sufficient in order to explain stress and coping in more specific situations. Stress 
responses and coping may be as specific as the demands of a situation. Surgery 
represents a highly specialised domain entailing various demands. Hence, stress and 
coping and the relevance of these factors to performance need to be investigated 
considering the specific characteristics of this domain. 
The exploration of stress remains a challenge due to the complexity of real life 
situations. In the following section, theoretical models with focus on work related 
stress are introduced an evaluated. 
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1.1.5 Theoretical models of stress relevant to the work context 
Stress is multifactorial and specific to occupational fields. Various models have been 
developed to explain work related stress and coping. The most important current 
theoretical models are summarised below. 
1.1.5.1 Job demand-control model 
The Job demand-control model (JDC; Karasek, 1979) states that there are two 
dimensions of the work environment: job demand and job control. Job demand, 
referring to workload, time pressure or role conflict; Job control, also referred to as 
decision latitude, includes two components: skill discretion and decision authority. 
Stress arises from the combination of high job demands and low job control. 
However, the model has often failed to demonstrate the hypothesised interaction of 
high job demand and low job control on measures of strain and has been criticised for 
inconsistent findings (Doef & Maes, 1999; De Rijk et al., 1998). 
1.1.5.2 Model of Coping with Stresses of Managerial Occupations 
A more specific work-related coping model is the Model of Coping with Stresses of 
Managerial Occupations (Burke, 1979). It is multifactorial and integrates 
environmental influences of the organisation, cognitive appraisal processes, and 
individual stress responses (see figure 1.1). These factors are followed by coping 
behaviours which influence well-being and health outcomes. Dispositional factors 
such as personality and other individual characteristics are regarded as important 
mediators. They are an essential element in this model, directly influencing the 
cognitive appraisal process and coping behaviour, and thereby the stress response and 
individual outcomes. The individual characteristics include the extent of the 
behavioural skills repertoire, outcome of one 's past experiences with similar stress, 
physical condition and mental state, availability and quality of social support at work 
and outside work, how much advance tit'arning one has of an approaching stressful 
event, constraints of organisational and social norms, other life events or chronic 
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stressors, the extent and quality of organisational programmes supporting an 
individual's instrumental or palliative coping effort, e. g. training. 
Individual 
characteristics 
Individual 
Organisational Cognitive Individual Individual well-being 
environment apprraisal stress reaction coping 
Psychological Health 
behaviour Physiological 
behavioural 
Figure 1.1. Model of coping with stress in managerial occupations, based on Burke (1979; 
2002). 
All these theories focus on organisational characteristics rather than particular work 
situations. Hence, they are most relevant to research into employees' health and well 
being. However, the model by Burke is most comprehensive in terms of the range of 
processes and factors considered. It is the only model that is not trying to simplify 
stress and coping, but to explore the specific nature of work stress in detail. 
Moreover, it integrates basic concepts of general coping theories, such as cognitive 
processes, resources of the individual, chronic stress and time related factors. It 
considers the criticism on reductionist theoretical models (Briner et al., 2004). The 
novel aspects of this theory are the emphasis on time preceding a stressful situation, 
training, and physical and mental conditions of the individual in the work situation. 
Although this model focuses on well-being and health outcomes, the factors 
integrated facilitate the exploration of both coping styles but also coping strategies in 
particular work situations. This model can be regarded as a platform for 
investigations of stress and coping in other professional domains. 
37 
1.1.6 Coping 
The concept of coping has been mentioned in the context of the various stress models 
described above. Coping and stress are closely related and coping is often part of 
theoretical models of stress. However, coping has been a distinct topic in 
psychological research since the 1970s (Folkman & Moskowitz, 2004; Frydenberg, 
2002). In this section, the specific aspects of coping are elaborated, though only a few 
studies have investigated work-related coping. 
1.1.6.1 Definition and models of coping 
Generally, coping refers to the specific efforts which people undertake to master, 
tolerate, or reduce stressful situations. However, coping is a complex process, 
involving a variety of psychological factors such as emotion, cognition, and 
dispositional variables. 
There is a differentiation between coping styles and coping behaviour (also referred 
to as coping strategies). Coping styles are dispositions, similar to personality traits, 
which are stable over time and situations. They reflect an individual's preference or 
tendency to use a particular type or category of coping strategies. Coping behaviour 
or coping strategies are context-dependent specific coping responses to stressful 
circumstances. Similar to the concept of state and trait anxiety, coping styles 
influence the individual's choice of coping strategies (Endler & Parker, 1990) 
The TMS and CMRM (Lazarus, 1966) define coping as cognitive and behavioural 
efforts to manage external or internal demands. The following eight categories of 
coping strategies are identified by Folkman (1988): confrontive coping, distancing, 
self-control, seeking social support, accepting responsibility, escape-avoidance, 
planful problem-solving, and positive appraisal. These reflect two underlying coping 
styles: problem-focussed or emotion focussed coping. The former are direct actions to 
reduce stressful circumstances (e. g. making a plan of action). whereas the latter 
involves a cognitive process (e. g. re-appraisal), regulating emotional consequences of 
stressful situations, and thereby changes the person-environment relationship. 
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Examples for emotion focussed problem solving are seeking distracting activities, 
social support, or drug consumption. 
In contrast to TSM and CMRM, three distinct coping styles were identified using 
factor analysis (Endler & Parker, 1990): task-oriented, emotion-oriented and 
avoidance-oriented coping. Task-oriented coping refers to activities focussing on the 
actual problem, emotion-oriented coping involves activities with focus on the 
individual's emotion (e. g. becoming angry), and avoidance-oriented coping includes 
two sub-aspects, i. e. distraction and social diversion. This structure was refined by 
Cosway et al. (2000). Their study using factor analysis revealed task-oriented and 
non-task oriented coping were found to be higher order factors. The latter included 
emotion-oriented and avoidance-oriented coping as sub-categories. As in the study 
by Endler and Parker described above, avoidance-orientation was divided into 
distraction and social diversion. 
Carver et al. (1989) criticised the classification of problem-focussed and emotion- 
focussed coping style as being too reductionist. Moreover, this categorisation states a 
priori which coping styles and corresponding strategies are likely to be effective. The 
effectiveness, however, of problem-focussed and emotion-focussed coping strategies 
can vary depending on the characteristics of the situation, which is indicated by 
contradicting findings on these concepts. Empirical investigations have supported the 
advantageous effects of task-oriented coping (Cosway et al., 2000) For example, 
positive associations of task-oriented coping styles with adaptation and positive 
health outcomes, and negative associations of emotion-oriented coping with these 
variables (e. g. Endler & Parker, 1994). In contrast, studies on the effectiveness of 
coping styles for athletes' performance have found beneficial effects of avoidance 
coping (e. g. Krohne & Hindel, 1988; Nicholls & Polman, 2007). 
Carver et al. (1989; 1998) have developed a theoretically based model of coping. It 
refers to the principal of self-regulation, a cybernetic control-based model. It 
conceptualises coping as discrepancy reduction of goal pursuit and feedback loops. 
Goals are organised hierarchically and determine goal oriented behaviours. `Do- 
Goals' are allocated at middle level and lead to actions referring to the higher level of 
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`Be-Goals'. For example, a `Be-Goal such as success as an academic can be 
achieved by `Do-Goals' such as performing research or supervising students. 
Discrepancies between `Do-Goals' and `Be-Goals' can be resolved by choosing 
lower level goals or alternatively choosing different, i. e. easier achievable, indicators 
of a particular `Be-goal'. The authors suggested a more diverse system of coping 
categories, which is reflected in both state-like as well as trait-like coping: active 
coping, planning, seeking instrumental social support, seeking emotional social 
support, suppressing competing activities, positive reinterpretation and growth, 
religion, restraint coping, resignation or acceptance, focus on and venting of 
emotions, denial, mental disengagement, behavioural disengagement, alcohol or 
drug use, and humour. In surgical practice similar elements of coping with work 
related stress may be applicable. However, the underlying theory limits the relevance 
to surgical practice. A high standard of performance is vital to patient safety and 
surgeons' career progression. This provides very limited scope for changes in `Do- 
Goals' and `Be-Goals'. 
In the COR model, resources are the central concept, and the individual is described 
as pursuing a strategic approach which is protecting and enriching their own resource 
pool (Hobfoll, 1989). Coping is regarded as being largely determined by socio- 
cultural dynamics, influencing values and rule changes and interchange of resources. 
This approach acknowledges the specific characteristics which are given in work 
environments such as surgery. However, the model remains at a very general, 
simplistic level. Coping types are allocated in a multi-axial model, consisting of the 
active vs. passive axis, direct vs. indirect axis, and prosocial vs. antisocial axis. 
1.1.6.2 Proactive Theories of Stress and Coping 
More recent developments in stress research are Proactive Theories of Stress and 
Coping (Schwarzer, 2001; Schwarzer, 2000). Proactive coping is defined as the 
anticipation or detection of potential stressors and acting in advance to prevent or to 
minimise their impact (Aspinwall & Taylor, 1997). Schwarzer's theory includes a 
time-related stress appraisal and the perceived certainty of the stressful event (see 
figure 1.2). Four coping categories are suggested, i. e. reactive coping (related to harm 
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or loss experiences in the past), preventive coping (related to uncertain threats in the 
distance future), anticipatory coping (related to a threat in the near future) and 
proactive coping (related to future challenges that are self-promoting). 
certain 
Anticipatory 
coping 
Anticipatory 
Coping 
Proactive 
Coping 
past harm or losses Future threats or challenges 
Preventive 
Coping 
uncertain 
Figure 1.2. Coping categories of the theoretical model on proactive coping, based on 
Schwarzer (2000; 2001). 
Greenglass (2002; 1998) proposed similar coping categories, i. e. proactive coping, 
reflective coping, strategic planning, preventive coping, instrumental support 
seeking, and emotional support seeking. Schwarzer's model can be related to 
performance within a critical time frame. This represents a fit with the characteristic 
of surgery. None of the other stress and coping approaches highlights time as central 
aspect. Hence, this model is particularly suitable for comparison with surgical coping 
approaches. The results revealed in this thesis were discussed referring to this theory. 
Other research on coping referring to bereavement, social aspects of coping and 
religious coping, or coping in children and adolescents are beyond the scope of this 
thesis. The review by Folkman & Moskowitz (2004), and Frydenberg (2002) provide 
insight to the current research addressing these topics. 
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1.1.6.3 Measures of coping 
Various coping assessment tools have been developed. The most popular 
measurement tools are the Ways of Coping Questionanire (WCQ; Folkman, 1988) 
and the Coping questionnaire `COPE' (Carver et al., 1989). The WCQ is an 
empirically derived inventory. Using a factor-analytical approach eight distinct ways 
of coping and two coping styles were identified, as described above. The COPE also 
assesses coping styles and coping strategies, including 13 categories that apply to 
both the state-like and the trait-like concept of coping. For further measures and 
structural concepts of coping the review by Skinner (2003) provides a detailed 
overview. In the literature there are no tools assessing coping which is specific to 
surgical practice or performance. Current research on coping in highly specialised 
fields such as sports and music performance has used qualitative methods to explore 
coping strategies in depth rather than relying on the broad dimensions of general 
coping research (e. g. Anshel, 2001; Gould et al., 1992; Gould et al., 1993b; Roland, 
1994; Gould et al., 1993a). 
1.1.6.4 Summary of coping concepts 
Whereas the transactional perspective on coping and the factorial structure of coping 
have received wide acceptance the COR has rarely been used when investigating 
stress and coping in the work context (Schwarzer, 2001; Tennen et al., 2000; 
Folkman & Moskowitz, 2004). Proactive coping approaches are highly relevant 
theories in professional domains. Anticipatory and preventive coping strategies for 
expected stressful or challenging situations (e. g. increased work load) are included in 
these concepts. The time-related stress model by Schwarzer (2000; 2001) is in 
applicable to professions which entail critical times of performance. Preparations for 
professional performance phases are considered. Hence, this coping concept 
represents a differentiated framework. The complexity of coping has also been 
emphasised by Carver et al. (1989). The categories of the COPE provide a 
differentiated picture. Nevertheless, they remain at a level which is not sufficient to 
explain coping with work related stress in performance critical domains such as 
surgery. Burke (2002) emphasises the complexity of the coping process in the work 
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context, the difficulty of measuring the effectiveness of strategies and the diversity of 
theoretical models. Coping is one of the most studied topics in contemporary 
psychology (see also Hobfoll, 1989), but despite the large number of studies the 
quality of this research is lacking (Lazarus, 1999; Folkman & Moskowitz, 2004). 
Questionnaires as research methods are not capable of assessing the complex and 
dynamic nature of coping (Tennen et al., 2000). The specifics of professional 
domains such as surgery require a detailed, in-depth investigation of coping. The 
theoretical models provide frameworks which may facilitate a categorisation of such 
findings and help to allocate surgical coping approaches in the wider context of 
psychological research. 
1.2 Stress and professional performance 
1.2.1 Stress, coping and performance in various domains 
Various professional domains have investigated the role of psychological factors to 
human performance. However, the focus of this research was on cognitive processes. 
Emotional and motivational influences on expert performance have been of 
increasing interest only recently. In particular, sports are a feasible model for 
exploring underlying processes of experts' performance as the tasks are clearly 
defined. The majority of the literature summarised in this section refers to stress and 
coping related to athletes' performance. 
Stress can impair work performance mediated by psychophysiological mechanisms. 
Stress responses can entail impaired cognitive performance, in particular processes 
involving memory, recall of knowledge and attention (e. g. de Quervain et al., 2000; 
Kirschbaum et al., 1996; Wolf, 2003; Het et al., 2005). These studies provide 
evidence that high stress leading to increased cortisol levels is related to an 
impairment of cognitive processes. Many tasks of professional work require complex 
cognitive skills, including the recall of knowledge, assessment and decision-making, 
e. g. during acute crisis situations in surgery. Other aspects of surgical performance 
such as team-communication and leadership, psychomotor performance may also 
suffer when cognitive processes are impaired (Fitts & Posner, 1967; Barnes, 1987). 
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Hence, high stress levels during surgery could potentially affect a variety of aspects 
of operative performance. Nevertheless, no research has been conducted investigating 
this issue. 
Effects of acute stress on professionals' performance have been identified in various 
occupational fields. In the military, for example, situations of high threat and danger, 
complicating factors, complex decision demands and high responsibility have led to a 
perceived partial loss of cognitive functioning. This included control of own 
reactions and dysfunctional reactions (Wallenius, 2004). Other military studies have 
revealed detrimental effects of stress on aviator performance, i. e. a significant delay 
of psychomotor responses of pilots (Leino et al., 1999) and errors in cognitive tasks 
in the flight simulator (Krueger et al., 1985). In aviation, associations of pilots' stress 
with traffic incidents have been found (Loewenthal et al., 2000). These findings 
highlight the relevance of stress to task performance and the professional outcomes, 
and implications for safety. The importance of the awareness of risks such as stress 
and affected team communication for reducing sources of errors in aviation have 
been emphasised in the literature, and parallels to medical professions were drawn 
(Heimreich et al., 2001; Sexton et al., 2000). Research on stress and coping in 
musicians also investigated influences on performance (Steptoe, 1989; Roland, 1994; 
Smith et al., 2000). Sources of stress include circumstances such as travelling, 
irregular hours, separation from family, and competition anxiety. Performance 
anxiety is one of the main stress factors impairing performance and musicians' 
personal life (Fishbein et al., 1998). Coping strategies include relaxation exercises 
such as deep breathing and muscle relaxation exercises, positive self-talk, and 
distancing techniques, but also consuming alcohol or sedative medication (Steptoe, 
1989). Strategies in preparation for performance such as resting, nutrition and 
reducing the amount of social interaction the day and the hours before the 
performance were reported to be beneficial (Roland, 1994). The most extensive 
research, however, on the effects of stress on professional performance has been 
conducted in sports. Detrimental effects of stress and beneficial effects of coping on 
sports performance and the risk for injuries have been demonstrated in many studies 
(e. (,. Anshel & Anderson, 2002; Rees et al., 2007). 
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1.2.2 Stress and coping and performance in sports 
The research on coping in sports aims to develop theoretical models specific to this 
domain in order to facilitate effective interventions for enhancing performance and 
reducing stress and negative effect. The ability to cope with stress during sports is 
considered as an integral part of successful performance (Anshel & Anderson, 2002). 
A systematic review on coping in sports (Nicholls & Polman, 2007) has revealed 
problem focussed strategies as well as emotion focussed strategies. Problem-focussed 
strategies included: cognitive strategies, awareness, task-orientation, focus on goals, 
time management, learning about opponents, practice and appropriate training. 
These strategies were most relevant in situations of high control whereas under 
circumstances of low control athletes tend to a stronger application of emotion- 
focussed coping strategies. The latter included: the use of imagery/visualisation 
techniques, venting unpleasant emotion, remaining confident and social support. 
Avoidance strategies have also been applied, e. g. blocking dysfunctional thoughts or 
avoiding stressors. The reviewed literature has demonstrated associations of coping 
with improved performance, reduced anxiety and an enhancement of the experience 
of positive affect. 
Gould (1993a) identified a coping concept based on qualitative data. The concept 
covers the majority of aspects highlighted in the systematic review by Nichols & 
Polman (2007). It includes four categories: i) thought control, e. g. blocking 
distracting thoughts, positive thinking, coping thoughts and prayers, ii) task- 
orientated strategies, e. g. narrow and direct focus, iii) behavioural strategies, e. g. 
changing and controlling the environment, or following a routine, and iv) emotional 
control, e. g. control of active arousal, or visualisation. The strategies identified as the 
most frequently used coping strategies of figure skaters can be allocated to the four 
broader categories of coping listed above. They include positive thinking, seeking 
social support, time management, prioritising, mental preparation, controlling 
anxieties, hard and smart training, isolation, and distracting from stress or ignoring 
stress. 
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An established theoretical model on arousal and performance is the Yerkes-Dodson 
law (Yerkes & Dodson, 1908). It states a curvilinear relationship of these two factors. 
Performance improves with increased arousal until an optimal point has been 
reached. When the arousal increases further the performance deteriorates. This theory 
has been widely accepted (Weinberg, 1990). However, the model was criticised as 
the inverted-U-hypothesis has not received clear support by the studies which stated 
so. Moreover, it was regarded as too simplistic. High arousal can also be perceived as 
performance facilitating (Mahoney & Avener, 1977; Hanton & Connaughton, 2002). 
Hence, alternative explanations were considered. 
A theoretical approach that focuses on emotion related to performance is the model 
Individual Zone of Optimal Functioning (IZOF; Hanin, 1980). This theory proposes 
that performance is optimised when the individual optimal level of anxiety is 
reached. It differs from the Yerkes-Dodson law in the assumption that moderate 
anxiety levels are not necessarily superior to high or low levels of anxiety. The model 
was originated in anxiety research and was validated in a range of studies on anxiety 
and performance (e. g. Gould et al., 2002; Salminen et al., 1995; Woodman et al., 
1997). The IZOF, however, considers patterns of emotions, including intensity, 
valence, time and functionality of emotions (Hanin, 2000). Coping has the function 
to stabilise the cognition-emotion-motor system and to enable decisions and motor 
performance within an optimal performance zone. A lack of coping strategies can 
lead to a loss of competence of an athlete and to the impairment of performance. 
Related to this model, there are two hypotheses with regards to expert performance. 
One of these hypotheses focuses on self-regulation skills. Experts may continuously 
perform in a narrow zone of optimal functioning because they have a greater ability 
to control their own emotional state under a variety of circumstances. Novices may 
deviate from their optimal performance zone as they lack self-regulatory skills. This 
is also supported by Tenenbaum (2003) who have shown that experts can access and 
recall information on self-regulation more easily than novices. The alternative 
hypothesis states that experts may have a broader zone of comfort than novices and 
are able to perform well under a variety of emotional states. In addition to self- 
regulatory processes, anticipation and avoiding the need for self-regulation in 
advance can be beneficial to performance during competitions. 
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1.2.3 Summary 
On the first view, different domains such as sports, music, the military and aviation 
have very few similarities. Demands, i. e. potential stress factors, and performance 
tasks are specific to each domain. Nevertheless, the general concepts of stressors and 
unhelpfully high stress levels resulting in deteriorated professional performance 
could be identified. Despite the diversity of the professional fields there is a common 
interest in minimising unhelpful levels of stress and improving coping in order to 
enhance professional performance. In particular in the theoretical models of stress 
and performance in sports, coping represents a central component. They are 
categorised referring to the different aspects of performance, such as strategies 
enhancing motivation, focus on the task, and control of emotion and of the 
environment. The IZOF theory may represent one component within the overall 
coping process: the aspect of emotion control. The influence of stress and coping on 
sports performance has been demonstrated in many studies. The authors highlight 
that the concept of coping in sports has not been fully understood and more research 
on the development of valid theoretical models is needed. However, methodological 
issues in this research field have been identified (Nicholls & Polman, 2007). 
Qualitative research represents a suitable approach for exploring domain specific 
stress and coping strategies. However, retrospective assessments on coping may lack 
accuracy. On the other hand, investigations of only one stressful episode are 
insufficient for exploring complete theoretical frameworks. Furthermore, the 
selection of representative samples and the test of models using ecological settings 
were raised as essential to the validity of findings. These aspects were considered in 
the design of the studies in this thesis investigating stress and coping in surgery. 
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1.3 Performance related stress management interventions 
In this section, stress management interventions aiming to improve professional 
performance are described, and conclusions for a performance enhancing stress 
training in surgery are drawn. 
1.3.1 General stress management interventions 
Stress management interventions are relevant in a variety of fields, such as clinical 
settings, professional domains', educational programmes, and can be used to promote 
general health and well-being. The meta-analysis by Kaluza (1997) provides an 
overview of 36 studies evaluating the effectiveness of stress management 
programmes for day-to-day life stressors. It has shown that stress management 
intervention effects reflected in psychological measures were maintained and 
increased over time. Moreover, training intensity is essential for desirable changes. 
Interventions including more than 10 hours training were more effective than shorter 
interventions. However, the effects were only reflected in a change of negative mood 
states, whereas physiological variables and general perceived stress were not 
influenced. However, more recent studies have shown that stress management 
intervention with focus on breathing exercises or leisure activities can reduce stress 
related physiological markers such as salivary cortisol (Bullen et al., 2006; Clow & 
Fredhoi, 2006). 
1.3.2 Stress management interventions in sports 
Stress management interventions in sports are also referred to as psychological 
training, and they are integrated into athletes' training programmes (Suinn, 2005). 
Stress management during preparation phases of competitions, during performance 
and during recovery processes are considered. Most programmes include elements of 
physical and mental relaxation, self-regulation of emotion and cognition, mental 
preparedness, task-orientated strategic elements, and exposure to typical performance 
1 Stress management inter entions for health care professionals are introduced in chapter 2. 
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situations. Key techniques for psychological training for athletes included relaxation 
training, self-talk regulation and visualisation regulation (Keilmann & Beckmann, 
2004; Keilmann & Langenkamp, 2007; Gould & Udry, 1994). 
Relaxation training techniques commonly used by athletes are physical relaxation 
such as autogenic training or progressive muscle relaxation. The long term effect is to 
enable the athlete to retain a calm and relaxed attitude (Keilmann & Beckmann, 
2004). Beneficial short term effects of relaxation apply to phases before competitions 
and in competition intervals. It supports the reduction of distractive thoughts and 
enhances the focus on the task. This enables the athlete to maintain the required 
alertness and physical activation for the competition. Moreover relaxation has been 
shown to be most effective for regeneration during breaks, after training and after 
competitions or injuries (Junge, 2000). 
Regulation of self-talk is regarded as a crucial component influencing athletes 
performance. Consciously or subconsciously people use self-talk to structure their 
thoughts, guide or plan their actions or comment on their actions. Stress Inoculation 
Training based on Meichenbaum & Novaco (1985)includes self-instructions, positive 
self talk and relaxation for enhancing the process of learning and performance. 
Studies in sports have applied these principles and demonstrated beneficial effects on 
stress and anxiety and performance (e. g. Kerr & Leith, 1993). Self-talk is also part of 
cognitive-behavioural interventions , e. g. more music-performance anxiety 
(Kendrick 
et al., 1982). Self-talk also has a motivational function as it influences confidence, 
control, and arousal (Eberspacher, 2001). 
Imagery (also referred to as mental rehearsal) is a cognitive technique using 
conscious visualisation of professional tasks and has performance enhancing effects 
(Driskell et al., 1994). The clearer the task visualisation, the more stable is the motor 
performance. Requirements for successful imagery training include a relaxed state 
during practise, previous experience of executing the motor movement, the ability to 
visualise one's own perspective (Eberspacher. 2001). There are different approaches 
of mental rehearsal training in sport (Martin et al., 1999). The most common type is 
the visualisation of performing specific skills such as motor tasks, referred to as 
49 
cognitive specific imagery. In contrast, cognitive general imagery is defined as 
visualisation of more complex strategic actions during a competitive event. 
Furthermore, motivational aspects can be included in the mental rehearsal. for 
example the achievement of goals, effective coping and mastery of challenging 
situations and feelings during a critical performance situation. The latter include 
stress, general arousal and anxiety but also positive affect such as relaxation. Positive 
effects of these techniques on athletes' performance and self-confidence were 
demonstrated in a range of studies (see Kellmann & Langenkamp, 2007; Martin et 
al., 1999; Driskell et al., 1994). Furthermore, cognitions and emotions can be 
modified using mental rehearsal, which supports self-regulatory processes. The 
imagery can include different modalities, i. e. visual and kinaesthetic. Depending on 
the type of sports, e. g. requiring individual fine motor performance or team play, the 
emphasis on the modality may alter (Martin et al., 1999). 
A central concept is the regulation of cognitive, emotional and physical states of an 
athlete to facilitate optimal performance. Gould and Udry reviewed the literature on 
strategies of arousal regulation influencing athletes' performance (Gould & Udry, 
1994). Beneficial strategies included mental preparation routines and cognitive 
behavioural intervention techniques, but also relaxation. This provides evidence that 
diverse approaches of arousal regulation including cognitive as well as physiological 
components positively influence athletes' level of arousal and facilitate performance. 
1.3.3 Cognitive-behavioural techniques in stress management interventions 
Exposure to stressful situation has been used in clinical settings as part of cognitive- 
behavioural therapeutic interventions, in particular as a treatment for anxiety 
disorders. Visualisation techniques represent another form of exposure in sensu, 
where a stressful situation can be experienced through imagination (Meichenbaum, 
1977, Cautela, 1966). Other elements such as relaxation, cognitive self-regulation 
and cognitive reframing are potentially useful elements for performance enhancement 
training which derive from cognitive-behavioural interventions. These techniques 
have been shown to be most effective in clinical psychological interventions (Meyers 
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et al., 1996). However, evaluations of the effectiveness of such elements for 
enhancing sports performance are lacking. 
Behavioural interventions which focus on team communication and leadership are 
referred to as non-technical skills training. They have been considered in aviation, 
and have been adapted for medical professions such as anesthesia (Fletcher et al., 
2003) and more recently for surgery (Yule et al., 2006a; Yule et al., 2006b; Undre et 
al., 2007a; Flin et al., 2007). They include a variety of elements, and stress 
management was mentioned as a component of surgical non-technical skills. 
However, explicit strategies of coping with stress during surgery have not been 
considered. 
1.3.4 Summary 
Performance enhancing stress management interventions include a variety of aspects. 
Exposure to stressful situations, awareness of stress and its relevance to performance, 
knowledge on coping and performance supporting techniques such as mental 
rehearsal and relaxation techniques have been considered. Stress management 
training for enhancing surgical performance could be allocated to non-technical 
surgical skills training. The focus of such training would be on the psychological 
components influencing surgeons' performance during operations. However, such 
training has not been developed yet. The current literature on stress and coping in 
surgery and stress management interventions in this domain is reviewed in the next 
chapter. 
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2. STRESS IN SURGERY 
2.1 The occupational field of surgery 
The professional culture of surgeons is characterised by challenges that entail 
personal reward and high social recognition, but at the same time it includes 
extremely high demands. Introducing this very specific professional culture is meant 
to provide insight to the occupational field the research of this thesis was applied to. 
Surgery is one of the most prestigious medical specialties and reported to be one of 
the most gratifying careers (Silen, 2001). The professional culture of surgeons is 
characterised by a strong sense of responsibility and toughness, and is highly 
competitive. It is not surprising that a specific personality profile of surgeons could 
be found, resulting from the self-selection process of surgical careers. A range of 
studies provide evidence that in contrast to other professional fields a personality 
profile of surgeons does exist (Thomas, 1997; McGreevy & Wiebe, 2002). In 
comparison to the general population male surgeons scored significantly lower in 
neuroticism, which reflects higher emotional stability in surgeons. In the dimensions 
extraversion, openness for experiences and conscientiousness they were significantly 
above the norm values. No difference was found for agreeableness. Female surgeons 
showed the same pattern, except for neuroticism, indicating no differences in their 
emotional stability compared with the general population (McGreevy & Wiebe, 
2002). Compared with clinicians of other specialties, surgeons were found to have 
the highest score in extraversion and the lowest scores in creative, withdrawn, and 
rebellious behaviours. The group of surgeons showed the most clear and consistent 
personality profile. A survey (Thomas, 1997) has revealed that 90% of the 
respondents felt that surgeons share a particular personality profile. The non-surgical 
participants of the study were asked to list prominent personality characteristics of 
surgeons, and the majority of these terms had a negative connotation. The process of 
self-selection is likely to start at the stage of medical school. Zedlow & Daughtery 
(1991) found that students interested in a surgical career were characterised by 
aggressiveness, though-mindedness. competitiveness, independence, dominance and 
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internal locus of control. This is supported by Linn (1984) who found that higher 
self-esteem, internal locus of control and higher stress resistance of students aiming 
for a career in surgery compared with students who reported other career preferences. 
Whereas prestige and career opportunities in surgery attract medical students, 
concerns about high stress levels and work-life balance lead to a more and more 
decreased interest in a surgical career (Gelfand et al., 2002; Azizzadeh et al., 2003). 
A study on deterrents of a surgical career has revealed that the most frequently 
reported factors were lifestyle during surgical training, family concerns, workload, 
level of stress, and surgeons' perceived personalities. Male and female participants 
did not differ in their perceptions of these deterrents, except for perceptions of 
surgical personalities and the male-dominated professional culture (Gargiulo et al., 
2006) 
2.2 Stress in Surgeons 
2.2.1 Introduction to stress and surgeons health and well-being 
Despite surgeons showing a high emotional stability (Bunch et al, 1992), the 
demands of surgical practice and training are enormous and effect their health and 
well-being. Studies have shown that surgeons' mental health is a major concern. In a 
review by Thomas (2004) surgery was reported to be one of the most demanding 
specialties with a high risk for resident burnout. Anecdotal reports, e. g. on exhaustion 
of doctors in a UK heart surgery department due to excessive workload are in line 
with these findings (Dobson, 2004). 
2.2.2 General stress during surgical training 
The stressors of surgical training include a variety of aspects, such as financial 
pressures, heavy 11'ork and call schedules, lack of free time, daily microstressors (e. g. 
daily hassles and frustrations encountered in the workplace), harassment, and sleep 
deprivation. Risk factors for emotional distress - apart from demographic factors 
such as psychiatric history - included inadequate support systems, length of training 
and female gender. Protective factors were social support by peers, sense of clinical 
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competency, helpful support systems and clinical responsibility (Sargent et al., 2004). 
This list of factors relevant to stress during surgical training represents a concerning 
picture of the pressures of surgical practice. Surgical trainees are a high risk group for 
psychiatric morbidity and burnout (Zare et al., 2004; Sargent et al., 2004). 
Organisational support systems have been found to be insufficient (Sargent et al., 
2004; Bertges et al., 2005). In line with these findings, other studies have shown 
stressors such as interference of job with personal life, workload (i. e. general 
administration, number of patients in clinic) and the effect on the surgeon 's well- 
being. In one study levels of anxiety in surgeons were higher than in the general 
population (Green et al., 1990), and an overall higher perceived mental strain due to 
the inability to relax after work, perceived work tempo and total number of hours in 
surgery have been identified as problematic aspects in surgery compared with general 
practitioners (Arnetz et al., 1988). In a survey of 257 surgical trainees (Bunch et al., 
1992) extremely long work hours, heavy duties, lack of sleep and exhaustion were 
reported. Their perceived stress levels were, however, not higher than those of 
trainees in other medical specialties. They were more likely to have consumed 
alcohol but less likely to use drugs. The authors conclude that surgical trainees seem 
to cope well. However, they emphasise the lack of research in this area and the 
potential for unknown consequences of high stress levels in surgical practice and 
training. 
2.2.3 General stress in senior surgeons 
A questionnaire study on stress in consultant surgeons (Kent & Johnson, 1995) 
revealed conflicting demands, i. e. administrative and clinical work with personal life, 
and administrative work interfering with clinical duties. Work related stress levels 
were highest when patient care was involved. A variety of responses to stress were 
mentioned, i. e. taking time off due to stress since being consultants and considering 
taking early retirement. A deterioration of their clinical work performance due to 
stress was reported by 68% of the respondents. Twelve per cent of the participants 
reported that they considered consulting a mental health professional and 7% had 
actually done so. Only 55% had taken their full allocation of annual leave, and 13 % 
had attended time management or stress management training sessions. These 
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findings are alarming and highlight that stress is also a main issue for surgeons at 
consultant level. The low response rate of 30% in this survey limits the 
generalisability of these findings. It indicates a reluctance of surgeons to participate 
in research in this field. However, another study on stress in consultants of a variety 
of specialties including surgery had a response rate of 78% (Graham et al, 1996). The 
various specialties did not differ in their psychiatric morbidity. The findings indicated 
that there are high demands in clinical practice. Maintaining or enhancing job 
satisfaction and training on communication and management skills were identified as 
factors protecting mental health (Graham et al., 1996). Firth-Cozens has researched 
widely on stress in health care professionals, and highlighted the lack of studies on 
general stress in senior clinicians (Payne & Firth-Cozens, 1987; Firth-Cozens, 1989; 
Firth-Cozens, 2003). 
2.2.4 Stress research in the occupational field of surgery 
Reports on surgeons' professional identity highlight the lack of acknowledgement of 
stress, individual vulnerability, mental and physical health, and lifestyle (Ogilvie, 
1983). A cross-sectional survey on risk and errors comparing surgery and aviation 
staff (Sexton et al., 2000) revealed the denial of effects of stress on surgical 
performance in surgery, whereas professionals of other domains showed an 
awareness and openness towards safety relevant issues. However, considering the 
pressures and demands of surgery and the professional culture, these findings are 
explainable. Emphasising stress in research or in surgical training would require 
admitting vulnerability which is contrary to surgeons' professional culture. Research 
on this topic could be interpreted as questioning their professional competence and 
focuses on potential risk factors in patient safety - all of which represents an 
extremely sensitive topic. The lack of studies on stress in surgery may be related to 
these issues. 
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2.3 Effects of stress on surgical performance 
2.3.1 Definitions of competence, ability, and skills 
Competence represents a broad concept which is defined as the general ability to 
execute a task to an acceptable standard. The ability to perform a task includes the 
adaptive capacity, aptitude or attribute of a person relevant to the task. These aspects 
can be innate or acquired. Skills represent the outcome of applying a combination of 
abilities to a task (Barnes, 1987). 
2.3.2 Surgical competence 
Professional competence in medicine is defined as "the habitual and judicious use of 
communication, knowledge, technical skills, clinical reasoning, emotions, values and 
reflection in daily practice for the benefit of the individual and community being 
served. " (Epstein & Hundert, 2002, p. 226). The authors suggested a variety of 
dimensions of professional competence, such as cognitive skills (e. g. the application 
of knowledge, problem solving, and recognising gaps of knowledge), technical skills 
(e. g. surgical procedural skills), integrative skills (e. g. incorporating scientific, 
clinical and humanistic judgement), context skills (e. g. time management), 
relationships (e. g. team work, handling conflict), emotional/moral aspects (e. g. 
tolerance of ambiguity and anxiety and respect for patients) and habits of mind 
(observation of one's own thinking, emotions, and techniques, attentiveness, critical 
curiosity, recognition of and response to cognitive and emotional biases, and 
willingness to acknowledge and correct errors). Clinicians' professional performance 
is regarded as developmental, temporary and context-dependant. 
In surgery, similar dimensions were identified in a study obtaining experts' opinion 
on surgical competence. The components included cognitive factors, innate dexterity. 
decision-making ability, insight, team spirit and emotional stability (Cuschieri et al., 
2001). McDonald & Orlick (2002) conducted a study using interviews with expert 
surgeons focussing on psychological aspects of surgical performance. They 
indentified seven elements of surgical excellence: commitment, belief in one' own 
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abilities, positive imagery, mental readiness, full focus, distraction control, and 
constructive evaluation after cases. These categories were derived from the wheel of 
excellence' (Orlick, 1996) which represents a range of principles in expert 
performance. They were confirmed as concepts which expert surgeons reported to 
apply. Experimental studies have shown that visual spatial ability (Risucci, 2002) 
and hand-eye coordination (Francis et al., 2001) are significant predictors of surgical 
performance. Furthermore, cognition has been found to be a basic element of surgical 
performance. It represents the initial phase of acquiring psychomotor skills. 
Understanding and knowledge of a task facilitate the task execution. The cognitive 
component of technical surgical skills was shown to improve with increasing year of 
experience in surgery (Kopta, 1971). Although the reviewed studies revealed a large 
variety of aspects that are relevant for excellence in surgical performance, the 
literature on assessment and training of surgical skills is lacking (Darzi & Mackay, 
2001). The main categories of surgical skills research has focussed on in research and 
education are technical performance and knowledge, and more recently team 
communication and decision making (Reznick & Macrae, 2006; Jacklin et al., 2008; 
Darzi & Mackay, 2001; Hall et al., 2003; Darzi et al., 2001). 
2.3.3 Assessment of surgical performance 
Technical surgical skills build a core component of surgical expertise. Various 
measures have been used for the assessment of surgical skills. These include error 
scoring systems, motion analysis and behavioural rating systems for procedural 
surgical skills, and rating systems for assessing the quality of the surgical end- 
product, i. e. the outcome of surgery. Procedural2 surgical skills reflect the quality of 
activities of the surgeons performing an operation. A range of assessment systems for 
procedural skills have been developed, considering generic surgical skills (referring 
to aspects of performance which are relevant across a range of different surgical 
procedures) and procedure-specific skills (see Reznick & Macrae, 2006 for a review). 
For objective assessment behavioural marker systems have been developed as they 
2 In this thesis, the term 'procedural skills' is used to refer to the process of performing an operation, and does 
not imply skills specific to the surgical procedure. 
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have a greater reliability and validity than unstructured observations (Watts & 
Feldmann, 1985). Expert ratings of surgical performance based video recordings 
shoed a particularly high validity and reliability (Liu et al., 1980). One of the most 
applied assessment tools is the Objective Structured Assessment of Technical Skill 
(OSATS) for surgical residences (Martin et al., 1997). This global rating scale of the 
quality of operative performance includes the following dimensions: respect for 
tissue (e. g. unnecessary force vs. careful handling of tissue), time and motion 
(unnecessary moves vs. clear economy of moves), instrument handling, suture 
handling, flow of operation (e. g. frequently stopped operating vs. obviously planned 
operation with efficiency from one move to another), knowledge of the procedure 
(insufficient knowledge reflected hesitant performance vs. familiarity with all steps 
of the operation). Another indicator for the quality of surgical performance is the 
assessment of the surgical outcome. The result of the operation, i. e. the condition of 
the surgical end-product, can be judged by experts considering crucial clinically 
relevant indicators, for example the quality of a suture line or the degree of 
undesirable narrowing of vessels after suturing (Black et al., 2007). 
More recently scales for assessing non-technical surgical skills have been developed 
(Yule et al., 2006a). These integrate a variety of competencies which include a range 
of skills that go beyond the technical performance of surgical tasks. The focus of 
such assessment tools is on the surgeon's communication with the team, leadership 
skills and decision making during surgery. The Observational Teamwork Assessment 
in Surgery3 (OTAS; Undre et al., 2006; Undre et al., 2007b) has been used for the 
studies described in this thesis. This tool was adjusted from aviation and validated for 
non-technical skills assessment in surgery. It consists of rating the surgeon's 
communication and interaction (e. g. clarity of instructions), situation awareness (e. g. 
monitoring of patient parameters), team skills (e. g. maintaining a positive rapport 
with other team members), leadership skills (e. g. time management and 
assertiveness) and decision making skills (e. g. prompt identification of problems and 
option generation in exchange with the team). The ratings represent the extent to 
In the experimental studies in this thesis Observational Teamwork Assessment in Surger\ is referred to as 
'O'l'A' instead of the official abbreviation 'OTAS' in order to facilitate a clearer distinction to the abbreviation 
'OS: <\ l'S' NN hieb refers to Objective Structured Assessment of Technical Skill. 
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which the desirable behaviour has been demonstrated by the surgeon. It is a feasible 
tool for expert rating and does not require extensive training. However, other 
sophisticated behavioural marker systems for non-technical skills have been 
developed. Yule et al. (2006b) have grounded their rating system empirically in 
surgery using task analysis and interviews with expert surgeons. Their methodology 
revealed the categories situation awareness, decision making, task management, 
leadership and communication, which represent an equivalent of the OTAS rating 
system. 
For all surgical skills assessment tools the validity depends on the characteristics of 
the environment of performance. Many assessments are performed on synthetic or 
animal models or using virtual reality simulations of operative tasks. The realism of 
these assessment tools influences the skills assessment. The most valid assessment of 
surgical skill can be achieved during real life surgical procedures. However, these 
underlie a large variation. In contrast, synthetic models represent standardised tools 
for skills assessment. 
In summary, research on surgical competence has largely focused on the 
development and assessment of technical skills. Recently, non-technical skills such 
as judgment and decision making have received more attention. In particular 
judgement and decision making are regarded as central components of surgical 
expertise and the importance of effective team work has been acknowledged. In 
addition, non-technical skills assessment tools consider aspects such as context skills 
and relationship as suggested by Epstein and Hundert (2002). Nevertheless, 
psychological aspects such as awareness of risk factors such as stress, the influence 
of emotions and cognitions on aspects of performance, managing anxiety and 
uncertainty, and habit of mind dimensions (Epstein & Hundert, 2002) and aspects of 
expert performance indentified by McDondald & Orlick (2002) have not been 
integrated in non-technical skills assessments. 
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2.3.4 Descriptive studies of stress and surgical practice 
2.3.4.1 Introduction to stress and performance in medical professions 
Research on stress and job performance in medical specialties revealed that overwork 
leads to tiredness and stress responses (Firth-Cozens & Moss, 1998). Doctors 
reported tiredness affected their performance, leading to poor standards of care and 
severe mistakes (Firth-Cozens & Greenhalgh, 1997; Payne & Firth-Cozens, 1987). 
The authors suggest a model of the relationship between general stress levels and 
clinical performance: stressors of clinical practice such as sleep loss lead to affected 
emotional states and cause cognitive, physical and interpersonal deficits; the latter 
(i. e. cognitive, physical and interpersonal components) influence clinicians' 
performance. However, further experimental evidence for such processes of general 
stress affecting surgical performance is missing. Although surgeons' operative 
performance is crucial for patient safety and quality of health care, there is very little 
research on the effects of stress in this field. 
2.3.4.2 General stress levels and performance in surgical practice 
The effects of stress factors in surgery have been investigated in a range of studies, as 
reported above. However, performance related effects of general life stress and 
mental health problems have been identified by surgical researchers in the USA. 
Severe psychological problems of surgical residents were reported. These included 
depression, addictions, and anger control issues, leading to impaired performance of 
their general clinical work and jeopardising their training completion (Veldenz et al. 
2003). Sawyer et al. (1999) found associations of fatigue with errors made by 
surgeons. However, these studies assessed performance using of reports of errors or 
perceived effects on general clinical performance, but validated performance 
assessment tools have not been applied. 
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2.3.4.3 Stress elicited during laparoscopic surgery 
Studies referring to specific demands during surgery, such as technical challenges 
have shown an increase in surgeons stress levels. Laparoscopic surgery was found to 
be more stressful than open surgery due to the ergonomic challenge (Vereczkei et al.. 
2004; Bohm et al., 2001; Berguer et al., 2001). This was reflected in differences in 
hear rate variability during open and laparoscopic surgery (Bohm et al., 2001). 
However, evidence of surgeons' stress responses affecting performance or outcome 
of laparoscopic cases was not provided. Furthermore, no psychological stress 
measures or qualitative investigations of stress were obtained in these studies. This 
limits the interpretation of the findings. 
2.3.4.4 Sound levels and performance in surgical practice 
Hodge & Thompson (1990) found that in the operating theatre high sound levels 
caused by equipment and conversations interfered with team communication. 
However, the recommended level of noise for a work environment was not exceeded. 
In many operating theatres surgeons listen to music. Autonomic reactivity was shown 
to decrease in surgeons when listening to music, and their performance of a stressful 
non-surgical laboratory task was enhanced (Allen & Blascovich, 1994). However, 
other members of staff in the operating team felt affected my music. They reported 
that music represents a distraction, interferes with communication and is detrimental 
to their performance (Hawksworth et al., 1997). 
2.3.4.5 Surgeons physiological reactivity during surgery 
In a range of studies, physiological stress measures have been used to investigate 
autonomic responses of surgeons during operations. (Czyzewska et al., 1983; 
Tendulkar et al., 2005, Kikuchi et al., 1995; Yamamoto et al., 1999; Stevenson & 
Hall, 1995, Becker et al., 1983). An increase of surgeons' heart rate variability at 
critical stages of the operation indicated a higher mental strain during surgery due to 
complex decision making (Czyzewska et al., 1983). The increase of heart rate during 
surgery was greater in inexperienced than in experienced staff (Kikuchi et al., 1995: 
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Yamamoto et at, 1999). Tendulkar et al. (2005) also found increases in heart rate. In 
addition, a higher number of white blood cells in surgical trainees compared to senior 
surgeons during `on-call' periods was identified. Moderate stress levels during the 
work day of surgeons compared to leisure time were found in a study assessing 
salivary cortisol levels (Jezova et al., 1992). These associations of surgical tasks with 
physiological changes are interesting findings and provide evidence for an increased 
general arousal during surgical procedures that is likely to be related to job demands. 
However, these findings on physiological changes allow only a limited interpretation 
as psychological stress measures, qualitative data, or potentially confounding 
variables such as general stress levels were not assessed. Furthermore, they neither 
investigated the effects of the demands (i. e. stressors) during surgery on performance 
nor the effects of stress responses on procedural performance or outcome of surgery. 
Despite evidence that higher levels of experience in surgical practice were associated 
with reduced stress responses (Tendulkar et al., 2005; Bohm et al., 2001; Kikuchi et 
al., 1995; Yamamoto et al., 1999), potential mediators entailed in the experience 
factor, e. g. strategies for effective coping with surgical stress, have not been 
explored. Instead, incorrect conclusions of the authors regarding stress reduction, 
coping and acquiring coping skills have been made. There was insufficient evidence 
for the stated conclusions as none of the concepts of interest, i. e. psychological stress 
and coping, were assessed. The statements of the authors represent hypotheses about 
underlying psychological processes of the findings of their studies, but are not 
acceptable as conclusions from the results. For example, generalising statements such 
as "Stress cannot be reduced easily, but can be overcome with experience. " (Kikuchi 
et al., 1995, p. 72) were based on a study with a sample of only 5 surgeons and 7 
nurses who assisted during surgery, describing their heart rates during operations. 
More rigorous research is required to investigate these points of interest. 
2.3.4.6 Summary 
A range of studies describe surgeons' stress levels and associations of stress with 
aspects of clinical performance. These finding provide insight into stress factors, i. e. 
general stressors of surgical training, ergonomic challenges and complex decision 
making during surgery, and noise in the operating theatre. Affected mental health and 
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well-being due to stress increased autonomic reactivity during surgery. Experience 
was identified as a factor associated with decreased of stress responses. Moreover, 
poor team communication and reduced quality of patient care have been reported as 
perceived consequences of stress in surgery. Although these findings provide insight 
into stress and surgeons' work performance, the reported studies do not investigate 
the effects of typical stressors or stress responses on surgeons' operative 
performance. Furthermore, the studies claiming to assess stress during surgery 
focussed on surgeons' autonomic reactivity during their work. Although this 
biological perspective provides valuable information, the environmental perspective 
and psychological perspective, and the interaction of person and environment were 
have not been considered. Stressors, psychological stress and coping represent key 
concepts in stress research, but were not assessed in the studies described above. 
Therefore, titles of the papers stating `intra-operative stress' (Kikuchi et al., 1995) or 
`quantification of surgeons' stress' (Tendulkar et al., 2005) are misleading. They 
suggest the assessment of a complex psychological process rather than merely 
monitoring physiological variables. Autonomic and endocrine responses can be 
influenced by physical activity and task-engagement, biochemical and diurnal 
changes in the body as well as psychological stress and social evaluation (Dickerson 
& Kemeny, 2004; Kirschbaum & Hellhammer, 1989). The conclusions drawn by 
some of the authors represent over-interpretations of their findings. Although these 
studies are original contributions and pursued an experimental approach, the results 
remain at a descriptive and rather superficial level. Nevertheless, they form a first 
stage of investigating surgeons' stress - "an early diagnostic step" as discussed by 
Tendulkar et al., (2005) - and encourage future research on this important topic. 
Moreover, training on coping strategies was acknowledged as an important part of 
future educational programmes for surgeons (Tendulkar et al., 2005). 
2.3.5 Experimental studies on the effects of stress on surgical performance 
Very little research has been undertaken to investigate the effects of stress on 
surgeons' operative performance. In this section, the few studies which used an 
c'. iperrimental design in order to explore such research question are described. 
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2.3.5.1 Effects of fatigue on surgical performance 
Stress and fatigue have been shown to be associated in clinical practice. Hence, 
studies investigating effects of fatigue on surgeons' operative performance are 
included in this section. It has been demonstrated that sleep deprivation during `on- 
call' has led to fatigue and increases time required for task completion and the 
number of errors made during laparoscopic procedures (Eastridge et al.. 2003; 
Taffinder et al., 1998), but findings are contradictory, e. g. the study by Jensen et al. 
(2004) et al did not replicate these findings. 
2.3.5.2 Effects of stressors on surgical performance 
Moorthy et al. (2003) investigated the effects of stress on the performance of 
simulated laparoscopic tasks. Stress was operationalised using five experimental 
conditions: increased noise; time pressure; simultaneous performance of an 
arithmetic task; a combination of these three stressors; and a control condition 
without stressors. Surgical skills were assessed using motion analysis and error 
scores, which represent well established measures of procedural skills. The results 
demonstrated deteriorated performance under the stressful experimental conditions, 
and performance deteriorated most when several stressors were combined. The 
limitations of this study, however, include the use of isolated simulated laparoscopic 
tasks rather than a realistic high fidelity simulation setting representing the 
complexity of real life surgical procedures. Furthermore, surgeons' stress levels 
during the experimental conditions were not assessed, limiting the interpretability of 
the effects of stressors on performance as mediated by surgeon's reactivity to stress. 
However, this study provides evidence that the technical performance of surgical 
tasks deteriorates under a combination of simultaneous demands. 
2.3.5.3 Neuropsychological skills and stress tolerance influencing surgical 
performance 
Visual spatial perception is a cognitive ability that is a requirement for performing 
surgery (Risucci, 2002). Schueneman et al. (1984) demonstrated that 
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neuropsychological tests significantly predict surgical performance. whereas 
academic skills showed no associations with surgical skills ratings. Stress tolerance 
was one of the variables included in the neuropsychological test battery applied in 
this study, assessed by the State Trait Anxiety Inventory (Spielberger et al., 1970). 
High state and trait anxiety were interpreted as low stress tolerance. A further study 
by this research group (Schueneman et al., 1985) revealed contradictory results. Left- 
handed surgeons showed a lower stress tolerance and lower scores on surgical 
performance than right handed surgeons. However, within the group of left handed 
surgeons a higher reactivity to stress was positively correlated with surgical skills 
ratings. As the left-handed surgeons showed greater levels of tactile-spatial abilities, 
the increased stress levels may have occurred due to the ergonomic challenge for the 
surgical assistant, resulting in inconvenience for the surgeon. In addition, junior and 
senior surgeons were compared, and despite the common effect of deterioration of 
neuropsychological scores with increased age this was not reflected in their operative 
proficiency. Hence, experienced surgeons have acquired skills which enable them to 
perform surgical tasks at a high standard despite the deterioration of particular 
neuropsychological aspects. These studies demonstrate the association of visual 
spatial skills, motor performance and stress tolerance to surgical performance, the 
latter assessed during a large number of real life operations. However, surgeons' 
stress levels during surgery were not assessed, and no other indicators than self- 
assessed stress were used. Mediating factors of stress tolerance which lead to the 
beneficial effects on surgical performance, e. g. aspects of coping, have not been 
explored. Nevertheless, this study has shown that performance under stress in the 
laboratory setting was associated with surgeon's performance during surgery. In both 
studies of this research group, the large number of participants assessed during 
several real life operations represented a study design of high methodological quality 
and support the validity of the findings. 
2.3.5.4 Effects of coping style on surgical performance 
Hassan et al. (2006) conducted an experimental study investigating the effect of 
habitual coping strategies on performance of medical students and junior surgical 
residents during an isolated surgical task, i. e. laparoscopic knot tying using a virtual 
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reality simulator. They showed that distractive and negative stress-coping strategies 
were associated with poor virtual laparoscopic performance. However, this study has 
the following limitations: i) the assessed coping strategies were habitual, general 
coping styles and not specific to the surgical task; the authors conclude that effective 
intra-operative coping strategies need to be identified, ii) experienced surgeons were 
not included, iii) the laparoscopic virtual reality simulator did not reflect the typical 
situation of surgical performance including an operating room and an operating team 
and iv) the complexity of surgery requiring complex technical skills rather than an 
isolated task, team communication and crisis management was not considered. 
Therefore, conclusions from that study to real life surgery can only be drawn to a 
very limited extent. 
2.3.6 Conclusions 
In various domains the effects of stress and coping on professional performance have 
been investigated in detail, as summarised above. Surgery is characterised by a 
variety of demands that are likely to affect surgeons' operative skills. These include 
fatigue and particular stress factors such as noise, time pressure and multitasking. 
Moreover, habitual coping approaches potentially influence the performance of 
surgical tasks. However, the current research provides only minor insight and 
explanation of effects of stress and coping on surgical performance. A small number 
of studies demonstrated a deterioration of performance of non-surgical tasks in a 
laboratory setting, which is considered to be related to surgical performance. 
Surgeons' stress responses during such tasks and specific coping strategies for intra- 
operative stress have not been investigated. The effects of these variables on 
surgeons' operative performance have not been explored either. In order to gain more 
insight into this under-researched field more research is needed. 
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2.3.7 Aim 1: Exploring the associations of stress, coping and performance in 
surgery 
The first objective of the research in this thesis was to investigate the associations of 
stress and coping with surgical performance. This research is presented in section 2 
of this thesis. 
In order to overcome limitations of the current literature the following 
methodological aspects were considered: 
"A detailed exploration of stress and coping in surgical practice 
" The use of qualitative as well as quantitative research methods 
" Stress assessment using a variety of measures including self-assessment, 
observer-rating and physiological stress indicators 
" The assessment of surgical performance 
" Experimental research in a valid, ecological environment with a 
representative sample of participants 
The complexity of stress in surgical practice was considered. Rather than building on 
a reductionist model of stress and coping deriving from other domains, specific 
aspects of stress in surgery were investigated using qualitative research methods. 
Stressors within surgical practice, surgeons' responses to stress, surgical coping 
strategies and the relationship of these factors to surgical performance have been 
explored in depth. A theoretical model of Stress, Coping and Performance of 
Surgeons (SCOPOS) was developed. In a subsequent study, the hypotheses derived 
from this theoretical model were tested experimentally. Taking account of typical 
stressors of surgical practice identified in the Interview Study, a high-fidelity surgical 
simulation design was developed. It facilitated the assessment of intra-operative 
stress levels and surgical performance in a highly realistic yet standardised and safe 
environment. The influence of psychological and physiological stress indicators and 
surgical coping strategies on non-technical and technical procedural skills and the 
quality of the surgical end-product were investigated. General stress levels and years 
of experience in surgical practice were included as variables. The results facilitated 
refinement of a new proposed theoretical model. 
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2.4 Surgical Stress Management Interventions 
2.4.1 General stress management interventions for health care professionals 
There are various stress interventions for health care professionals or medical 
students that aim to reduce general life stress and work related stress (Cohen et al., 
2005; Shapiro et al., 1998; Shapiro et al., 2000). A review of the literature (Shapiro et 
al., 2000) demonstrated that stress management training for medical students and 
junior doctors increased their knowledge on stress and alternative therapies, and a 
greater use of positive coping strategies, increased immunological functioning and 
decreased depression and anxiety. Stress inoculation training based on Meichenbaum 
& Novaco's (1985) concept has been used for reducing performance anxiety. This 
has been applied in sports (Kerr & Leith, 1993) but also for training junior doctors in 
order to reduce their anxieties referring to clinical performance (Manderino & 
Yonkman, 1985). However, measures of performance have not been included and 
interventions for surgeons have not been reported. 
Particularly impressive was the article by Veldenz et al. (2003) reporting the 
development of the role of a psychologist in a surgical department providing 
counselling for staff. This intervention aimed to improve surgeons' mental health and 
well-being. They considered the consequences of extreme stress over long periods of 
time. Publications on this topic, even if just case reports, highlight that stress is a 
serious issue in surgical practice and that interventions are needed. Yamey & Wilkes 
(2001) emphasized the focus on doctors' health rather than pathology with the overall 
goal to enhance quality of health care. The authors called for interventions promoting 
physicians' well-being, including elements enhancing work-life balance and effective 
anxiety reduction. They suggested support groups and cognitive and behavioural 
intervention techniques. Additionally, control over the work environment has been 
highlighted as essential. The Canadian Medical Association has established regional 
centres offering courses on physicians' well-being (Ulwelling & Christensen, 2001). 
Nevertheless, interventions for surgeons using a preventive approach and considering 
strategies addressing surgeons' stress levels and control over external factors at work, 
and aiming for performance enhancement. have not been developed. 
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2.4.2 Stress management interventions for surgeons 
Stress is recognised as a limiting factor of performance in many occupational fields. 
as described above. Though surgery is a highly demanding domain and appropriate 
performance is essential, formal training on stress management is virtually absent. 
Most stress management interventions for clinicians focus on coping with general life 
stress and the enhancement of mental and physical health and well-being as outlined 
above. Stress management addressing specific demands of surgery represents a 
completely new approach in surgical education. Hence, only literature with a remote 
relevance to this topic could be reviewed. 
2.4.2.1 Non-technical skills trainings in surgery and their relevance to surgical 
stress management 
Non-technical skills trainings include a range of strategies for managing stressful 
intra-operative situations. Simulations of operations have been used as a training tool 
(Gaba, 2004; Kneebone, 2003; Moorthy et al, 2005; Reznick, 2005). A variety of 
studies have demonstrated the effectiveness of such training. Technical as well as 
non-techncial skills were improved, and a high acceptability by the participants was 
found (e. g. Brewster et al., 2005; Moorthy et al., 2006; Undre et al; 2007a; Flin et al. 
2007). However, such crisis management training did not include specific training 
on stress and coping strategies relevant to operative performance. Nevertheless, the 
non-technical trainings in fact entail elements that influence stressors during surgery, 
e. g. team communication skills and technical skills for dealing with surgical crises. 
Furthermore, the exposure to simulated surgical crises entails learning processes 
which may contribute to an adaptation, i. e. diminished stress responses and enhanced 
the familiarity and confidence regarding particular surgical tasks. In some studies the 
participants' reflection on their emotions was mentioned (e. g. Brewster et al., 2005). 
This indicates that experience of simulations increased surgeons' awareness of their 
own reaction to stressful situations and, perhaps, may draw their attention to their 
individual coping strategies. However, the respondents' reflection on emotion was 
not described in more detail. In summary, it is likely that non-technical skills 
trainings using simulations help to reduce stress and increase the ability to cope with 
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the challenges of surgical procedures. However, the function of these trainings in 
improving stress management has not been highlighted. Hence, current non-technical 
training lacks the emphasis on a major and obvious issue in surgeons' everyday 
work: managing stressful situations. 
2.4.2.2 Cognitive training methods for surgeons related to stress management in 
surgery 
`Mental training' for surgeons using mental rehearsal, a technique for visualising the 
performance of a surgical task, also described as cognitive simulation (Eberspacher & 
Immenroth, 1999), has been evaluated in a study by Immenroth et al. (2007) using 
laparoscopic skills assessment. The combination of mental rehearsal in addition to 
physical technical skills training revealed enhanced technical surgical skills reflected 
in OSATS scores (Martin et al., 1997). The authors claim that mental rehearsal 
enhances performance of surgical motor performance under stressful conditions, but 
surgeons' stress levels were not assessed. In a study with medical students the 
combination of physical practice of a suturing task and mental rehearsal was shown 
to enhance technical surgical performance (Sanders et al., 2004). However, the 
influence on non-technical surgical skills and stress management in surgery was not 
considered. Furthermore, in surgery only the motor performance of surgical tasks was 
visualised. Other techniques such as the mental rehearsal of strategic actions and 
motivational aspects as used in sports, i. e. successful management of challenging 
operative situations and the regulation of emotion and cognitions (Martin et al., 
1999) were not considered. 
2.4.3 Evaluation methods of a surgical stress management intervention 
Evaluations of educational interventions in the medical profession have poor 
methodological quality as stated by the Education Group for Guidelines of 
Evaluation (1999). Most forms of training remain at the stage of evaluating 
acceptability of an intervention which though necessary is not sufficient on its own. 
The model by Kirkpatrick (1967) states the levels of evaluation of educational 
interventions. In addition to assessing acceptability. acquired skills and the influence 
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on the participants' knowledge, the ability to apply those skills and the impact of the 
change on the professional outcome need to be evaluated. In order to develop a 
training that would effectively and positively influence surgeons' performance, all 
these stages of evaluation need to be considered. In the British Medical Journal's 
section `Education and Debate', it was criticised that "the medical profession seems 
to be reluctant to value research into the effectiveness of educational interventions" 
Hutchinson, 1999, p. 1267. A reason for the lack of this type of research may be the 
challenge of answering research questions of high complexity. 
Real-life situations like surgery are complex and require a range of skills. Hence, an 
intervention package is more likely to be effective for enhancing professional 
performance than the application of only one intervention technique (Branfenbrenner, 
1979). The content and synergy of various training components, the context, and the 
sample are factors that need to be considered in the evaluation of interventional 
studies. The effectiveness of an intervention can be influenced by various factors, i. e. 
personal factors (individual differences and motivation) of the participants, type and 
quality of the intervention material, interaction of the tutor and participants, the 
setting, external and confounding factors that may influence the comparison of the 
intervention group and the control group, the applied intervention elements and the 
outcome measures (Hutchinson, 1999). Hence, a range of methodological issues need 
to be considered. The intervention needs to be described in context, e. g. including the 
health care system, external drives to encourage change, population and stage of 
professional development and the physical environment. Furthermore, 
methodological standards of the study design, the choice of suitable outcome 
measures and an appropriate interpretation of results were emphasised (Education 
Group for Guidelines of Evaluation, 1999; Wilkes & Bligh, 1999). In the medical 
literature the majority of studies used quantitative research methods. However, 
evaluations of educational research benefits particularly from including qualitative 
research (Green & Britten, 1998). This methodological approach adds value by 
answering questions that are more specific, facilitates the explanation of findings and 
mechanisms (Green & Britten, 1998), and provides most valuable insight and 
information for improving future interventions (Kennedy et al., 2004). 
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2.4.4 Conclusions 
Surgery is one of the most demanding medical specialties (i. e. Thomas, 2004; Green 
et al., 1990). The reduction of work hours following the European Time Directive 
represented an attempt to address this issue (e. g. Pickergill, 2001). However, it has 
raised concerns regarding the quality of training and health care due to such time 
constraints (Chan, 2002). Furthermore, surgery entails a variety of inevitable 
demands, e. g. performing under time pressure and multitasking (Moorthy et al., 
2003). The need for effective educational programmes for surgeons has been 
emphasised (Lim & Tsui, 2006; Chan 2002). Nevertheless, research in this domain is 
still lacking. Non-technical skills trainings have received attention only recently and 
the relevance of these trainings to stress reduction has not been investigated. Mental 
rehearsal training for surgeons has been shown to enhance technical surgical skills, 
but is not part of current educational programmes for surgeons. There is virtually no 
research on stress management interventions and the effects of such training on 
stress, coping and performance enhancement in surgical practice. As stress is a risk 
factor for professional performance, stress management interventions for surgeons 
are needed. Limitations of the literature on educational interventions in medical 
professions need to be overcome by implementing suitable evaluation methods. 
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2.4.5 Aim 2: Development and evaluation of a stress management training for 
surgeons 
The second aim of this thesis was the development and evaluation of a stress 
management intervention for surgeons. The objective was to increase surgeons' 
coping skills, to reduce their stress levels, and to improve their operative 
performance. This research is presented in Section 3. 
Referring to the guidelines on intervention studies the following methodological 
aspects were considered: 
"A development of the intervention specific to surgery 
" An evaluation that considered the stages suggested by Kirkpatrick (1967) 
" The use of qualitative and quantitative research methods for evaluation 
" Assessment of a representative sample of participants in a valid environment 
" Assessment of stress, coping and surgical performance 
" Exploring factors potentially influencing the intervention such as motivation 
of participants and organisational constraints of the professional field 
" Investigating the scope for improvement of the intervention 
The content of the intervention was based on evidence of the qualitative and 
quantitative research presented in Section 2. Training tools used for performance 
enhancing stress training in other domains such as relaxation, and training on a 
comprehensive mental rehearsal of operations were integrated. Simulations were 
used to provide exposure to surgical stress. Tools for enhancing surgeons' awareness 
of stress, knowledge on surgical coping strategies, and facilitating preparations and 
practice of coping skills were components of this intervention package. The 
simulations facilitated the assessment of intra-operative stress, coping and surgical 
performance. 
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3. METHODS 
This chapter presents methods, materials and tools used for the research of this thesis. 
This includes measures of stress, materials and procedural methods for 
psychophysiological research, qualitative research methods for interview studies 
assessing stress factors, stress responses and surgical coping strategies, and materials 
used for surgical simulations. 
3.1 Qualitative research methods for assessment of stress and coping 
3.1.1 Introduction 
Qualitative data analysis was developed as systematic research method first by Glaser 
& Strauss (1967). Since their seminal work in qualitative research, a range of 
methods have been established. The relevant background information and approaches 
used for research in this thesis are described below. 
Whereas quantitative research investigates a topic of interest using numerical data 
which can be analysed using statistical data analysis methods, qualitative research is 
the collection and analysis of non-numerical information using formal, established 
research methods. Qualitative data consist in verbal information, usually obtained in 
with the help of interviews or in written form such as diaries. Qualitative research 
explores the meaning of psychological or sociological concepts and refers to 
individual experiences. It is used to generate or refine theoretical models or complex 
processes. Qualitative research can be regarded as the first step of research in a new 
research field as it is theory generating. In contrast, quantitative research is theory 
testing which requires the existence of a theoretical framework that needs to be 
developed first. The advantage of qualitative research is that it explores a 
phenomenon in depth, whereas quantitative research is limited to the initially defined 
framework and restricts inquiry. This limitation of quantitative research can be 
overcome by applying qualitative research in conjunction with quantitative studies to 
facilitate the interpretation of quantitative research findings. 
74 
In this thesis, qualitative research methods have been applied for a comprehensive 
Interview Study, described in chapter 4. Furthermore, surgical coping strategies were 
explored in more detail, assessed immediately after performing a simulated 
operation. Perceived stressors of the simulation for validating the simulation design 
as a stress research tool were also assessed and are presented in chapter 6. In addition 
to the quantitative evaluation of the surgical stress management intervention in 
chapter 8, qualitative feedback was obtained from the participants. The different 
approaches of qualitative research methods used in this thesis are described in the 
following section. 
3.1.2 Methods of collecting qualitative data 
The most common method for obtaining qualitative data is the interview. For the 
exploration of psychological phenomena in depth, including sensitive information, 
the an individual interview is most suitable (Chrzanowska, 2002). Furthermore, 
ensuring confidentially and positive a rapport with the interviewee is essential. 
Another essential skill of the interviewer is to encourage the interviewee to provide 
detailed information. However, the interviewee should not be influenced by 
comments or non-verbal feedback that may bias the content of their responses. A 
general statement that the aim of the interview is to understand the participants' 
view, and that there are no right or wrong answers is recommended. This provides 
transparency, emphasises the importance of the participants' personal views and 
expresses appreciation, which all together creates a positive rapport from the start. 
Further interview techniques include open questions, e. g. "What kind of things cause 
you stress? " in contrast to question leading to `yes' or `no' answers. The interview 
can be conducted unstructured, semi-structured or structured, representing the 
degree of freedom in exploring the topic of interest. Unstructured interviews are 
entirely free regarding the researchers' interview questions about the topic of interest. 
Thematic guidelines for exploring an interview can be helpful for remaining the 
focus on the topic of interest and investigating a phenomenon in depth and avoid 
undesirable deviations. Structured interviews follow a fixed set of questions in order 
to assure standardised exploration for each participant. The disadvantage of this 
method is that none of the interviewees' responses can be explored in more detail. A 
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more flexible approach is the use of a semi-structured topic guide. This technique 
provides basic questions that the interviewer needs to cover. This provides a clear, 
reliable definition of the scope if the interview topic, facilitating focus on the actual 
topic of interest. Depending on the responses, the researcher can then ask questions 
to explore particular aspects in more detail, using phrases such as "Could you explain 
that in a bit more detail please? " or "What exactly did you mean with `x' ? "'. For an 
overview of interview techniques and practical guidelines see (Chrzanowska, 2002). 
In qualitative research, data collection and analysis are an iterative process. The topic 
guide may be modified while discovering core concepts mentioned in the first 
interviews of a study. The number of participants usually is determined by this 
iterative process and parallel data analysis. In studies exploring a phenomenon for 
theory development the data collection can be stopped once saturation has been 
achieved, i. e. when no additional key themes emerge, but previously identified 
themes re-occur. Other studies investigating subjective experiences may focus on 
only two or three interviews and analyse those in great depth. The most important 
aspect of sampling is that the sample is representative for the social group the 
phenomenon is relevant to. The quality and not the quantity of the data is essential to 
this research. In qualitative studies the sample sizes are generally small compared to 
those of quantitative studies. Agar argues that better results are achieved with fewer 
amounts of data, but more intensive examination of the data, reflected in his 
statement: "a little bit of data, and a lot of right brain" (Agar, 1991, p. 194). 
However, depending on the research aim and the nature of the topic and responses of 
the interviewees, the data may include large sets of qualitative information. In most 
qualitative studies, the data analysis involves a considerable amount of work. 
For pre-processing qualitative data, interviews can be either audio-recorded or 
collected in form of notes. For the purpose of in-depth analysis of interviews, usually 
recordings are transformed using verbatim transcription. Alternatively, interview data 
can be pre-processed using summaries or selective protocols. The choice of method 
depends on the available resources and the feasibility of the method in the particular 
research environment. Seidel (1998) argues that verbatim transcription of interviews 
is not an essential, particularly if the researcher is experienced. Using field-notes 
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represents a process of immediate selection and summary of key themes at the time 
of the interview. It can be regarded as equal to the first step of coding in the analysis 
process. 
For the purpose of the studies described in this thesis, individual interviews with 
surgeons at different levels of experience in surgical practice were used. The sample 
represents the professional group and includes experts of this field. Hence, the 
sample is representative but still includes variation due to experience level. A semi- 
structured topic guide was developed for each study. The interviews of the study 
described in chapter 4 and chapter 6 were transcribed verbatim. In the pilot studies 
evaluating different simulation designs tested in chapter 5 and as evaluation of the 
intervention described in chapter 8 qualitative methods were used in addition to 
quantitative methods. For these evaluations, notes of the interviewees' feedback were 
used for recording the qualitative information. In the interview study presented in 
chapter 4, the data collection was finished when saturation was reached. All other 
qualitative data collected was combined with quantitative methods, and interviews 
were conducted with all participants of the particular study. 
3.1.3 Methods of qualitative data analysis 
Grounded Theory (GT) is a systematic data analysis method for qualitative data. It 
aims to develop novel theoretical frameworks `grounded' in empirical, qualitative 
data. In contrast to quantitative research, there is no a-priori-hypothesis required, but 
the data analysis leads to a conceptualisation of a phenomenon, and thereby generates 
hypotheses. Furthermore, qualitative data analysis reveals participants' main 
concerns and their resolutions. GT is not regarded as a descriptive method; 
descriptions merely serve as illustrations of the identified concepts. The theoretical 
models gained with the help of GT are neither right nor wrong. The validity of a 
concept is judged by its fit with reported incidents, its relevance to the social group. 
represented in the attention it captures beyond the academic interest. Further, a valid 
model works if it explains how a problem is solved including a large variation. A 
theoretical model should be modifiable if compared to novel, relevant data (Charmaz, 
1983, Charmaz, 2003; Strauss & Corbin, 1998) 
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Seidel (1998) summarised the analysis process as based on three components: 
`noticing, collecting and thinking'. This process is iterative and progressive, leading 
to a theoretical model. In order to develop such a novel conceptual framework the 
qualitative information needs to be categorised. This inductive process is called 
coding, and involves the identification and labelling of key themes emerging from the 
interview. 
As in the research for this interview study, the first interviews were transcribed 
verbatim and the researcher familiarised herself with the information. Then core 
variables were identified, representing the main concern of the participant and a 
tentative conceptual framework. The following interviews were coded following a 
deductive approach using the previously identified codes for key theme selection (i. e. 
selective coding), combined with an inductive approach, where new key themes were 
added using additional codes. Simultaneously, the tentative concepts get altered and 
further data are collected, representing the cycle of `noticing, collecting and 
thinking'. The topic guide was not changed. However, the data analysis reflected a 
shift of focus. The importance of the central theme `coping with intra-operative crisis 
situations' became apparent, and a comprehensive conceptual framework of surgical 
coping strategies was developed. In contrast, sources of stress, stress responses and 
consequences of stress in surgery were also mentioned, but were topics that were of 
less concern, and accepted as circumstances that surgical practice entails. Therefore, 
the analysis of these aspects was more descriptive, listing the reported experienced of 
the interviews, rather than conceptualising these aspects in detail. This technique is 
related to Interpretative Phenomenological Analysis (IPA), an approach described 
below. However, the process of conceptualising the emerged key themes, called 
memoing usually is in progress throughout the analysis process. Theoretical memoing 
is regarded as the core stage of grounded theory methodology (Glaser, 1998). It can 
be performed by one researcher only, as the interaction of the participants' views 
reflected in the verbal information and the researcher's interpretation based on their 
own conceptions are considered as part of this analytical approach. However. for the 
purpose of this thesis, several interviews of each study were coded by a second 
researcher independently and a tentative coding system was negotiated that entailed 
more objectivity and labels for categories that are suitable to the interdisciplinary 
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field. The second raters had a background in psychology, sociology, education and 
surgery4. Once all interviews were coded, the categories were organised in categories 
of different hierarchical levels, building a final theoretical framework of coping 
strategies. The main researcher took the lead on the analysis process, in particular the 
final conceptualisation considering the categories of all interviews. However, the 
final framework was discussed in within the interdisciplinary research team and 
refined to assure a suitable conceptualisation. This method was adopted from IPA 
and integrated into the GT approach. 
As mentioned above, IPA is an alternative qualitative analysis method. It represents 
an inductive approach, but focuses stronger on the individual experience of a 
phenomenon, and emphasises the uniqueness of individual thoughts and perceptions. 
Therefore, it is more descriptive, but it supports data-driven theorising. The analysis 
of the data is more oriented on in-depth analysis of particular cases. In order to 
reduce bias it integrates cross-validation, checking the agreement of the researcher's 
interpretation with the interviewee. Further, the date can be analysed by other 
researchers and the results are then negotiated for defining final categories. 
Another method similar to this is Content Analysis (CA). This involves categorical 
analysis of the data and also allows identification of patterns and hierarchical 
categorisation. However, it is not theory building. It focuses on the frequency of 
particular key words. In this thesis, the perceived stressors during the simulation were 
assessed in an individual interview as a manipulation check. The simulation design 
was intended to recreate particular stressors of surgical practice. The frequency of the 
emergent stressors was calculated and reported as an evaluation of the validity of the 
simulation as a tool for surgical stress research. 
There are other approaches of qualitative data analysis that are not relevant to this 
thesis. For an overview see Thorne (2000), and for practical issues of qualitative data 
analysis the reader is encouraged to read Silverman (2000), and practical advice on 
The collaborating researchers on the interview analysis were Dr Maria Woloshynowych, Mr Krishna Moorthy, 
Dr Jane Kidd, Dr Debra Nestel, and Dr Roger Kneebone. 
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interview techniques see (Chrzanowska, 2002). In summary, the qualitative analysis 
applied for the research in this thesis uses grounded theory approach with elements 
adopted from IPA. Moreover, content analysis methods have been applied for 
evaluating the validity of the simulation design as a stress research tool. 
3.1.4 Further aspects considered in the qualitative research of this thesis 
The topic guide developed for the research presented in chapter 4 was based on 
cognitive-behavioural theory. This well established psychological approach includes, 
for example, stimuli, responses, emotion, cognition, and behaviour. Although GT has 
no underlying theoretical models, this theoretical consideration was integrated as it 
provides a structure reflecting general human experiences. Investigating stress in 
surgery, the topic guide included stressors, stress responses and coping were topics of 
interest. The interviews were conducted using this basic structure, but there were no 
assumptions on the theoretical conceptualisation of these aspects. 
In chapter 6, the data on coping formed a framework of surgical coping strategies 
which was then used for quantification of the coping strategies in order to include the 
coping score in the qualitative analysis. This method for coping assessment was 
preferred as there are no assessment tools available for specific surgical coping 
strategies. The coping framework gained in the first interview study presented in 
chapter 4 provided a comprehensive overview. However, the validity of that model 
has not been evaluated. Referring to stressful events in the past may be limiting 
factor of that framework (see Anshel & Anderson, 2002; Nicholls & Polman, 2007). 
In order to increase the validity of the concept, and thereby assuring a comprehensive 
picture of surgical coping, coping strategies were explored immediately after the 
experience of a stressful situation of a surgical simulation. Conducting interviews 
close to the acute stress experience aimed to reduce bias due to a lack of cognitive 
availability of information on coping strategies. Combining the investigation of 
general surgical coping strategies in the past and the assessment of coping primed by 
the experience of one stressful surgical situation aimed to addresses the 
methodological issues stated by Nicholls & Polman (2007). 
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3.2 Stress assessment - measures and materials 
3.2.1 Introduction 
There are various ways of assessing stress, depending on the focus of the research, 
i. e. environmental, biological and psychological approaches (Cohen et al., 1995). 
Questionnaires, checklists and interviews using self-assessment have been developed 
for stressful life events. Moreover, there are measures of chronic stress and stress at a 
daily level. For an overview on measurement of perceived stress see (see Monroe & 
Kelley, 1995; Stone, 1995). The most often used scale for general life stress is the 
Perceived stress scale (PSS; Cohen et al., 1983). It assesses the amount of stress in 
one's life perceived by respondent. The items cover the extent to which the 
individual perceives their life as being unpredictable, uncontrollable, and overloaded 
with demands. There is a 4-item version, however, a greater reliability was found 
with the 10- and 14-item versions. Interview techniques have been compared to 
questionnaires and demonstrate better psychometric characteristics such as validity 
and test-retest-reliability. The descriptions also provide more comprehensive 
information which is of greater diagnostic value. However, the assessment 
procedures require training for interviewers and raters. The Life Events and 
Difficulties Scale and the Standardised Event Rating System are the most popular 
interview tools for stress assessment. For a review of interview assessment of stress 
see Wethington et al. (1995). Acute or situational affective stress responses can be 
assessed with adjective checklists. The adjectives reflect mood states. Most popular 
scales are the Stress Arousal Check List (SACL; Mackay et al., 1978), the Mood 
Adjective Checklist (MACL; Nowlis & Green, 1957), Multiple Affect Checklist 
(MAACL; Zuckerman et al., 1965), Profile of Mood States (POMS; McNair et al., 
1971). However, these lists consist of 36 to 132 items, and therefore are not feasible 
in all research settings. In performance relevant research Positive Affect Negative 
Affect Schedule (PANAS, Watson et al., 1988) have been used with 20 items. 
Moreover, the choice of tools depends on the level of differentiation required for the 
research question. In addition to such scales measures of anxiety or depression are 
often used. The State Trait Anxiety Inventory (STAI; Spielberger et al.. 1970) is the 
most frequently used questionnaires and has been applied to a variety of research 
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fields (Spielberger, 1985). It has also be used for investigating professional 
performance (e. g. Kerr & Leith, 1993, Kendrick at al., 1982; Esplen & Hodnett. 
1999; Schueneman et al., 1985; Schuenman et al., 1984). Furthermore, it shows high 
correlations with mood adjective lists, e. g. r=. 95 with the SACL (Hinton et al., 1991). 
A short version consists of 6 items (Marteau & Bekker, 1992) which are equivalent 
or identical to those used in more comprehensive questionnaires, e. g. SACL. The 6 
item version scores equalled those from the full version of the STAI. Most 
importantly, the 6 item version was sensitive to situational changes (Marteau & 
Bekker, 1992). For measuring acute stress, the use of assessment scales designed for 
a particular study is common practice, for example visual analogue scales. Such tools 
are implemented as they represent more differentiated and reliable scales to show 
correlations with psychophysiological measures such as stress induced salivary 
cortisol responses (e. g. Kudielka et al., 2004a). Furthermore, interview data are used 
to gain further insight into participants' perceptions and thereby a deeper 
understanding of domain specific stress and coping (e. g. Roland, 1994; Gould et al., 
1993a; Anshel, 2001). The additional use of qualitative data facilitates a more 
specific and possibly more accurate interpretation of quantitative findings. Hence, 
they represent an important component for the evaluation of interventions (Green & 
Britten, 1998). 
Within the last few decades, research has identified a variety of psychophysiological 
markers related to individual stress responses. Autonomic reactivity has been shown 
to be related to the experience of stress (e. g. Allen et al., 1991) and the individual 
response shows a consistency over time (Allen et al., 1987; Kamarck et al., 1994). 
The most commonly used are measures of autonomic reactivity such as heart rate, 
heart rate variability, systolic and diastolic blood pressure, skin conductance. More 
recently cortical arousal indicated by EEG has been used a measure for biofeedback 
(Gruzelier & Egner, 2005; Egner et al., 2004). Furthermore, there are 
psychoneurendocrine markers related to the stress response system of the HPA axis. 
One of the most feasible and relevant measures of acute stress is cortisol which can 
be obtained in serum, but in saliva using non-invasive assessment (Clow, 2004: 
Kirschbaum & Hellhammer, 1989). 
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The cognitive-behavioural approach for therapeutic and professional performance 
interventions has been recognised as most effective and representing a standard 
framework for research (Meyers et al., 1996). In most studies stressful stimuli (i. e. 
stressors), stress responses including cognitive, emotional, physical and behavioural 
individual reaction and consequences for the individual and the environment have 
been considered. Stress assessment refers to these concepts, nevertheless, no 
observational measures of stress have been developed. 
3.2.2 Measures of stress selected for the purpose of this thesis 
For the purpose of this thesis, measures had to be feasible in a complex experimental 
setting of surgical simulations (more detailed descriptions of the simulation tools are 
provided in section 3.3). Moreover, the participants were surgeons, which were only 
able to dedicate little time to participate in this research. Hence, the applied measures 
need to be time efficient tools. 
Situational stress has been assessed using different types of measures, including self- 
assessment, observer rating, autonomic responses and biochemical stress markers 
developed for this research. The self-assessment included the short version of the 
STAI state anxiety scale (Marteau & Bekker, 1992), a stress rating scale from 0- 10 
has been included (see appendix A). The observational scale represented the 
equivalent to the latter scale for self-assessment (see appendix A). The rater of the 
surgeons' stress during the simulation was the surgical assistant as they are the team 
member working closest with the primary surgeon. 
The psychophysiological measures included heart rate and heart rate variability as 
continuous measures throughout the experiment. In previous research in surgery, 
heart rate variability measures were found to be related to demanding phases of 
operations, e. g. requiring complex decision making (Czyzewska et al., 1983). The 
measures showing changes due to such demands included the standard deviation of 
the R-R interval (SDNN in ms) and the heart rate variability coefficient (C_HRV), 
calculated using the following formula: C_HRV = SDNN/NN* 100. Furthermore, a 
study comparing laparoscopic and open surgery found that the ratio of the 
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components of a power spectral analysis differed between the types of surgical 
procedure (Bohm et al., 2001). The low frequency component (LF; 0.04 to 0.15 Hz, 
in ms) reflects the sympathetic activity, and the power of high frequencies (HF; 0.15 
to 0.4 Hz) represents the extent of the parasympathetic activity of an organism. 
Hence, the ratio, i. e. LF devided by HF, abbreviated as `LFHF, reflects the balance 
of the autonomic nervous system, referred to as sympathovagal balance. It is 
considered as a reliable indicator of responses to mentally demanding situations 
which is relevant to surgery (Bohm et al, 2001). Hence, C_HRV and LFHF were 
selected as heart rate variability measures indicating surgeons' stress responses 
during operations. 
The following psychophysiological measures were selected: heart rate, hear rate 
variability and salivary cortisol were selected. They represent common measures in 
stress research and were most feasible for stress assessment in the setting of surgical 
simulations. Moreover, their relationship to performance has been shown in previous 
studies, e. g. (Wolf, 2003; Bohm et al., 2001; Czyzewska et al., 1983; Kirschbaum et 
al., 1996). 
3.2.3 Materials and procedure for obtaining hear rate and heart rate variability 
Autonomic responses were measured using heart rate and heart rate variability as 
these were obtainable with a wireless recording device (S801 i, Polar, Kempele, 
Finland). It consisted of a sensor that was situated at the chest belt as depicted in 
figure 3.1. 
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Figure 3.1. Polar heart rate monitor including a chest belt with an inbuilt sensor and the 
Nvrist unit including the receiver, Polar, Kempele. Finnland. 
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This sensor sends the signal to the receiver unit that usually is usually worn like 
watch around the wrist. However, during surgical simulations the receiver unit was 
kept in a pocket of the operating theatre attire as surgeons are not supposed to wear 
watches as these are un-sterile objects. Wearing such equipment during the 
simulation may reduce the realism of the simulated operation. The continuous heart 
rate and heart rate variability data were saved on the receiver unit. After the 
experiment the receiver unit could be connected to a computer using an infrared port 
for connection and transcribing the data into a specific data file. With the help of 
software provided by the manufacturer (Polar Precision Software, Polar, Kempele, 
Finland) the data were stored, labelled with the time of the day. The software allowed 
the error correction for outliers, and the calculation of minimum, maximum and 
average heart rate measured in beats per minute (bpm) and heart rate variability 
measures for a defined time period of the recording. The heart rate variablitiy data 
included the R-R interval (NN, in ms), the standard deviation of the R-R interval 
(SDNN), and in addition provided data on the components of a power spectral 
analysis, i. e. the low frequencies (LF, 0.04 to 0.15 Hz and high frequencies (HF, 0.15 
to 0.4 Hz), and the ratio of LF divided by HF in percent. In addition, a graph 
displaying the heart rate in bpm or and the R-R interval in ms as curve over time was 
provided. 
3.2.4 Materials and procedure for obtaining salivary cortsiol 
Cortisol has a circadian profile characterised by a substantial increase after 
awakening and decreasing until a plateau level is reached in the afternoon (Clow, 
2004). It can be measured in serum, urine and saliva (Kirschbaum & Hellhammer, 
1989). The assessment of salivary cortisol was used as it is a feasible and reliable 
method (Clow, 2004). A standard test for eliciting salivary cortisol responses in a 
laboratory setting is the Trier Social Stress Test (ISST; Kirschbaum et al., 1993). 
The experimental schedule for the simulation experiments in this thesis has been 
developed according to the timing and procedure of the TSST. Initial free cortsiol can 
be identified after 5 to 20 minutes after onset of the stressor and peaks after 10 to 30 
minutes (Kudielka & Kirschbaum, 2005). Simulated operations which would last for 
approximately 30 minutes were chosen. In the Simulation Study presented in chapter 
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6, salivary cortisol samples were collected after the simulation was finished. i. e. at 35 
minutes after onset of the simulated operation. In the subsequent study (chapter 8), 
saliva samples were also obtained immediately after the operation, followed by 
further assessments in ten minute intervals. Traditionally salivary cortisol is 
measured in the afternoon from 2.00 pm onwards as this is the time when the curve 
of the diurnal variation flattens sufficiently to avoid confounding effect due to diurnal 
variations. However, recent studies have shown that stress test eliciting salivary 
cortisol responses during the morning are as reliable as those conducted in the 
afternoon (Kudielka et al., 2004b). However, all simulation experiments were 
performed in the afternoon at the earliest at 2pm and at the latest at 4pm. 
Salivary cortisol was obtained using sterile cotton wool swabs which the surgeon 
chewed for one minute and were then stored in small plastic containers (Salivettes, 
Sarstedt, Nuembrecht, Germany; shown in figure 3.2). 
Figure 3.2. Salivettes for obtaining salivary cortisol samples, 
Sarstedt, Nuembrecht, Germany. 
Cortisol samples were stored at the departmental laboratory at St Mary's Hospital 
and at -20°C as required. The samples were analysed in the Laboratory of the 
Department of Endocrinology, Imperial College, at Hammersmith Hospital, London. 
They were thawed and centrifuged at 3500 rpm for 5 minutes, providing a clear 
supernatant of low viscosity. The cortisol concentration in saliva was determined 
using a commercial immunoassay, i. e. the Cortisol Luminescence Immunoassay 
(LIA) manufactured by IBL Immuno Biological Laboratories, Hamburg, Germany. 
Although radio-immunoassays (RIAs) provide the most precise results the LIA was 
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close to this quality of results (r = 0.98; n= 384) and more feasible as it did not 
involve dealing with radioactivity (Kirschbaum & Hellhammer. 1989). It had a high 
sensitivity for cortisol concentration in saliva. Both, baseline cortisol levels and stress 
levels could be identified with the analytical sensitivity of 0.42 nmol/l. The standard 
range in assay was 0.83 to 110.4 nmol/l. 
There are a range of potentially confounding factors related to the release of cortisol, 
e. g. gender differences, social position and professional role, mental and physical 
health, BMI, medication and general life stress (Kirschbaum & Hellhammer, 1989; 
Hellhammer et al., 1997). All participants were surgeons and therefore the socio- 
economic status and professional role are homogenous for this sample. The other 
potentially confounding factors were recorded, i. e. general life stress using the PSS 
(Cohen et al., 1983), questions assessing mental and physical health problems, 
medication, and weight and height for calculating the BMI. 
3.3 Surgical simulations - tools for assessment and training in surgery 
3.3.1 Introduction 
Simulations have been used in various occupational fields such as aviation, the 
military, but also as part of cognitive-behavioural interventions in clinical settings 
with anxiety eliciting situations in sensu (Kendrick et al., 1982). Generally, 
simulations provide safe environments where performance in risk situations can be 
trained. This has also been adopted in health care. In medical education bench models 
of parts of the human body have been used for training a range of skills including 
diagnostics and medical treatment. For more complex simulations in anaesthesia, 
mannequins with a simulated pulse on the wrist of the model and a connection to the 
anaesthetic machines were developed (Gaba et al., 2001). More recently, simulated 
patients have been used for doctor-patient-communication training (Lane & Rollnick, 
2007; Gaba, 2004). The focus of these educational developments is on contextualised 
learning, combining training on technical skills with the help of bench model and 
communication skills in medical education. Integrating the communication with the 
patient in a medical treatment. for example while suturing a wound under local 
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anaesthesia, represents a multitasking situation for clinicians. It forms an important 
part of their everyday practice. For such research bench models were set up attached 
to the simulated patient (Kneebone et al., 2002; Nestel et al., 2003). The role of the 
simulated patient can be covered by students in group teaching sessions. For more 
complex simulated procedures and more sophisticated patient roles professional 
actors portray simulated patients. Actor training programmes have been developed by 
interdisciplinary groups of clinicians and experts in education and communication 
(e. g. Black et al., 2006). Furthermore, there are novel developments of virtual reality 
simulations using advanced computer technology. This is ideal for simulating tasks 
of laparoscopic surgery as for those operations the surgeon views the operative field 
on a screen and uses specific instruments remote to the human tissue. These provide 
haptic feedback, i. e. the force from the tissue the surgeon can feel when using the 
laparoscopic instruments. This increases the realism of such virtual reality equipment 
for performing simulated surgical tasks. Virtual reality training has shown to be have 
beneficial effects on surgeons' performance in real life operations (e. g. Park et al., 
2007; Munz et al., 2007). The most sophisticated and complex form of surgical 
simulations are high fidelity simulations. Simulated operating theatres represent a 
realistic setting where surgical procedures can be simulated with a full operating 
team. For such set-ups usually bench models are used as the operative field and are 
attached to a mannequin in the simulated operating theatre. This is essential for 
contextualised training in surgery, and evaluate communication with the operating 
team, performance of technical surgical tasks, and the performance of complete 
surgical procedures rather than isolated tasks (Hamstra, 2006). Moreover, surgical 
and anaesthetic crisis situation can be trained (Moorthy et al, 2005). Advanced 
simulation designs are considered as vital in future surgical education (Reznick, 
2005). 
For the purpose of this thesis a novel high fidelity simulation design was developed. 
It facilitated the assessment of surgeons stress levels during operations and surgical 
performance in a highly realistic setting, representing the typical demands of surgical 
practice. The Simulated Operating Theatre at St Mary's Hospital served as research 
environment. Different simulation designs using three types of operations were tested 
as simulated procedures for this research, requiring different models. The advantages 
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and disadvantages of combining bench models, virtual reality simulations and 
simulated patients with complex operation scenarios in the simulated operating 
theatre were evaluated (see chapter 5). The most suitable simulation design was 
selected for a full scale study investigating effects of stress and coping on surgical 
performance (described in chapter 6), and an intervention study on stress 
management training for surgeons (described in chapters 7 and 8). The tools used for 
this research are described in the following sections. The selected medical procedures 
for the simulations are explained. The steps of performing these cases are described 
as applied in the research for this thesis. However, other technical surgical 
approaches for performing these operations are possible. 
3.3.2 The Simulated Operating Theatre as an experimental setting 
Operating theatres include a variety of equipment including anaesthetic machines 
with a display of parameters representing the patient's life functions, i. e. heart rate, 
blood pressure, oxygen saturation of the blood and respiration rate. Surgical 
equipment including instruments and suturing material varies due to the type of 
procedure. The sterile instruments are usually set up on a trolley next to the operating 
table. Operating table and several operating lights and anaesthetic equipment can be 
moved and adjusted as required for the particular surgical case. The operating theatre 
usually has an adjunct room with additional equipment and a room with a sink for 
washing hands and arms before applying sterile gloves and gowns. 
The Simulated Operating Theatre (SOT) at St Mary's Hospital, London, UK, consists 
of a replicated operating room environment and an adjacent control room shown in 
figures 3.3 and 3.4, separated by one-way viewing glass. In the operating suite there 
is a standard operating table, diathermy and suction machines, trolleys containing 
suture equipment and surgical instruments, and operating room lights. A further 
trolley contains standard anaesthetic equipment, tubes, and drugs. Interactions 
between team members can be audio and video recorded using ceiling-mounted 
cameras and microphones. The multiple streams of audio and video data. together 
with the trace on the anaesthetic monitor, are fed into a data recording device. This 
enables those present in the control room to view the data in real time, as well as for 
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recordings. The anaesthetic equipment and the resuscitation mannequin can be 
controlled from the adjunct room with using Resusci-Annie software, Laerdl, UK. 
Figure 3.3. Simulated Operating Theatre Figure 3.4. Control room adjunct to the 
at St Mary's Hospital, London. Simulated Operating Theatre, St Mary's 
Hospital, London. 
For the research of this thesis, pilot simulations (described in chapter 5), a study 
investigating effects of stress and coping on surgical performance (see chapter 6) and 
simulations as part of a surgical stress management training (see chapter 7 and 8) 
have been conducted using the SOT at St Mary's Hospital as research environment. 
In addition, a meeting room opposite the SOT served as room for consenting 
participants, obtaining questionnaire and salivary cortisol data and conducting 
individual interviews. Moreover, this room was used by the participating surgeons 
for the consent procedure with simulated patients prior to the simulated operations in 
the SOT. 
90 
3.3.3 Selected simulated procedures and materials 
3.3.3.1 Introduction to operating teams 
Surgical procedures are performed with several members of an operating team. The 
core team includes an anaesthetist, a scrub nurse and a surgical assistant. The 
anaesthetist's responsibilities include the application of local or general anaesthetic 
drugs, monitoring the life functions of the patient throughout the procedure, and 
intervening using anaesthetic techniques such as intubation (i. e. facilitating breathing 
of the patient using specific anaesthetic equipment) or application of drugs, for 
instance regulating blood pressure and pulse. The scrub nurse is responsible for 
handing the surgeon the instruments. Moreover, most surgical cases require a 
surgical assistant, usually a surgeon junior to the primary surgeon, providing support 
for the surgeon, for example by holding retractors enhancing the view and access to 
the operative area, using suction equipment for clearing the operating field from 
blood or other fluids, and performing additional surgical tasks during more complex 
cases. In addition to these team members a circulating nurse or trainee nurses can be 
present to provide additional support, e. g. bringing additional equipment during the 
case if required. Senior surgeons may assist junior surgeons in order to be able to 
assist and advice them during advanced cases. 
3.3.3.2 Simulated sapheno femoral junction dissection 
A sapheno-phemoral junction dissection is part of a various vein operation and 
involves an incision in the area of the groin, dissecting the tissue above the vessel 
structures. The surgeon ligates the vessels supplying the saphenal vein. This 
facilitates the removal of the varicose vein. The main surgical instruments required 
for this operation include scalpel, forceps and scissors. The ligation is performed 
using suturing material for fixing the open ends of the vessel branches. Usually 
suction equipment is used for clearing the operative field from blood. This is a 
common procedure in vascular and general surgery in the UK and can be performed 
at the early stages of surgical training. A detailed description of the operation is 
provided by Burnand & Waltham (2000). This procedure involved the risk of 
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injuring other anatomical structures, for example the femoral vein which is situated 
underneath the described vessels. Bleeding from the femoral vein is a life threatening 
injury for the patient. Another aspect to be considered in any surgical procedure is the 
challenge of differential anatomy, i. e. slight individual variations of anatomical 
structures. 
A synthetic bench model of the sapheno-phemoral junction (SFJ) for surgical skills 
training has been developed by Limbs&Things Ltd, Bristol, UK. The SFJ model 
allows the surgeon to dissect this operative area and to ligate the four branches 
draining the saphenal vein. The model is made of silicon. It represents the skin and 
the tissue above the vessel structures. Plastic tubes are used as simulated vessels 
(figure 3.3). During this procedure bleeding from the femoral vein can be simulated 
as an intra-operative crisis. Therefore, the model can be manipulated by cutting a 
small hole into the femoral vein. Blood-like fluid can flow through the model using a 
tubing system leading from a fluid container in the observation room to the SOT 
where it is connected to the SFJ model. The timing, duration, and intensity of the 
bleeding can be controlled manually from the observation room. 
-Ad 
Figure 3.3. Synthetic model representing the right 
hand side groin region for teaching and practising 
the skills needed for ligating the sapheno-femoral 
junction, Limbs&Things Ltd, Bristol, UK. 
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3.3.3.3 Virtual reality simulations of a laparoscopic cholecystectomy 
A laparoscopic cholecystectomy is an operation to remove the gallbladder. It is one 
of the most frequently performed laparoscopic procedures in general surgery. This 
operation can be performed by surgical trainees at junior to intermediate level under 
supervision of a consultant surgeon. A description of this operation is provided by 
Cuschieri (1999). 
Laparoscopic surgery, also called minimal invasive surgery or keyhole surgery, is a 
surgical technique requiring only very small incisions. Specific equipment, the 
laparoscope, is used for these surgical procedures. It includes a telescopic rod system 
combining a small camera and a light to illuminate the operative field. The 
laparoscopic surgical instruments are also inserted through a telescopic rod. The use 
of laparoscopic instruments is ergonomically more challenging than the use of 
surgical instruments for open surgery (Vereczkei et al., 2004; Cuschieri, 2005). 
To facilitate this surgical procedure the abdomen needs to be inflated with carbon 
dioxide. The surgeon then introduces the instruments including a specific video 
camera into the abdomen. The surgeon can view a magnified picture of the operative 
area and all actions with the instruments on a screen. The procedure involves 
dissecting the gallbladder from various anatomic structures and requires ligation of 
the cystic duct and the cystic artery, before the gallbladder can be removed. The 
operation requires meticulous dissection and concentration. Individual variations of 
the appearance of anatomic structures are possible. During this surgical procedure 
there is a risk of injury of the common bile duct, which can lead to severe 
complications for the patient after surgery. Individual variations of anatomy can 
increase the challenge of this procedure. Moreover, due to other complications 
laparoscopic cholecystectomies may need to be converted to open surgery to allow a 
safe removal of the gallbladder. 
In this thesis, a high-fidelity procedural virtual reality simulator (Lapmentor, 
Simbionix Corporation. Cleveland, OH. USA, shown in figure 3.4) was used for 
simulating a laparoscopic cholecystectomy. It provided a realistic picture of the 
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anatomical structures as shown in figure 3.5. Furthermore, this technology provided 
haptic feedback, i. e. the perception of the physical force of the tissue, transmitted by 
the surgical instrument. The simulated procedure starts at the stage where the 
instruments have been inserted and the abdomen has been inflated with carbon 
dioxide. Hence, in the simulation the surgeon starts with the dissection of the 
gallbladder and finishes the case with the removal of the gallbladder. Using this 
simulator, the use of the laparoscopic instruments is indicated on the display (see 
figure 3.6. ) which is different to real life equipment. 
Figure 3.5. Simulated anatomical 
structures for practise of a laparoscopic 
cholecystectomy, Lapmentor, Simbionix 
Corporation, Cleveland, OH, USA. 
Figure 3.4. Virtual reality simulator for 
laparoscopic surgery, Lapmentor, 
Simbionix Corporation, Cleveland, OH, 
USA. 
3.3.3.4 Simulated Carotid Endarterectomy under Local Anaesthesia 
CEA is a vascular surgical procedure, carried out to remove plaque (fatty deposits) 
from the carotid artery supplying the brain. The operation involves the risk of intra- 
operative stroke as the blood flow to the brain needs to be interrupted. Moreover, due 
to the activities in the operative area small parts of the plaque may dissociate and 
reach the brain. Furthermore, the stimulation of the carotid body situated close to the 
operative area can cause a severe decrease of the autonomic function of the patient, 
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reflected in a sudden drop of the patient's heart rate. This requires the insertion of 
lignocaine. Generally the operation needs to be performed with great care. 
The steps of this operation are described by Harris (2000). They include an incision 
and dissection of the anatomic structures around the carotid artery at the neck. Then 
the surgeon applies slings to fix the artery in the operative field. After that the 
surgeon stops the blood flow through the artery by applying vascular clamps and 
places a lengthwise incision into the artery. Then the plaque can be removed with the 
help of a forceps and a specific instrument called Watson-Cheyne. The artery needs 
to be flushed and closed using fine suturing material and small needles. When the 
closure is finished the clamps can be removed to reinstall the blood flow to the brain. 
The time of interrupted blood supply needs to be minimised. The operation places the 
surgeon under time pressure while clamps are in place. The operation is complex and 
requires quick decisions, effective team communication, and technical skills. In 
addition, the presence of a conscious patient can be a considerable challenge. In the 
UK, CEA is commonly carried out under local anaesthesia so that neurological 
complications can be identified and remedied during the operation. The surgeon can 
have a continuous interaction with the patient and detect early signs of a stroke (e. g. 
confusion, slurred speech and motor function of limbs on the side of the body contra- 
lateral to the operative field). If at any stage the patient shows ischemic symptoms 
during the operation, the surgeon needs to insert a shunt, which is a specific plastic 
tube that serves as bypass to reinstall the blood flow. It needs to be inserted at both 
ends of the incision of the artery and is fixed with specific clamps. Once the shunt is 
inserted, the patient usually recovers and the operation can be continued. However, 
having a shunt inserted increases the technical challenge as plaque removal and 
suturing has to be performed around the inserted tubing system. The ultimate aim of 
this operation is to avoid a stroke caused by plaque that is narrowing the artery. 
Hence, it is equally important to not narrow the vessel with the suture for closure and 
to not leave any deposits in the artery. 
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A bench model for this procedure has been developed by Limbs&Things Ltd, Bristol. 
UK which is depicted in figure 3.5. It shows the structures of the artery and the 
hypoglossal nerve. 
Figure 3.5. Bench model of the carotid artery and the hypoglossal nerve on the right 
hand side neck region (Limbs&Things Ltd, Bristol, UK), draped for a simulation of a 
carotid endarterectomy. 
Using the model the surgeon would assume the dissection has been performed. The 
simulated operation on this bench model started with the application of slings and 
clamps and finished with the closure of the artery followed by clamp removal. The 
simulated artery represents the `end-product' of the surgical intervention. It can be 
used for assessment of the quality of the outcome of surgery. A rating system for 
End-Product Assessment (EPA) has been validated for this model (Black et al., 
2007). 
96 
Section 2 
Exploring the effects of stress and coping 
on surgical performance 
The objective of this research was to identify typical stressors of surgical practice, 
surgeons' stress responses and coping strategies, and how these factors are related to 
surgical performance. 
To start with, an interview study with surgeons was conducted to investigate their 
perceptions of stress, coping and performance in surgery. This Interview Study is 
presented in chapter 4. Building on these findings, a simulated operation representing 
typical stressors of surgery was developed. The Feasibility Studies for the simulation 
toil section are described in chapter 5. Simulated carotid endarterectomy provided a 
realistic and feasible research tool for assessing surgeons' intra-operative stress. A 
study using this tool investigated the effects of stress and coping on surgical 
performance experimentally. The Simulation Study is presented in chapter 6. 
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4. STRESS, COPING AND PERFORMANCE OF SURGEONS: AN 
INTERVIEW STUDY 
4.1 Introduction 
Stress has detrimental effects on performance in a variety of domains. Surgery is one 
of the most demanding specialties. However, there are very few and limited studies 
investigating surgical stress, coping, and associations with performance, as described 
in chapter 2. In order to understand this highly specialised work environment and to 
generate a theoretical model of stress in surgery a qualitative study using a grounded 
theory approach was conducted as starting point for this research. 
4.2 Methods 
4.2.1 Participants 
Interviewees were drawn from both sexes and include a range of seniority levels and 
surgical specialties. Surgical trainees with previous experience as the primary 
surgeon and consultant surgeons were included in this study. All participants were 
volunteers, and confidentiality and anonymity were assured. Ethics approval was 
obtained from St Mary's Hospital Trust ethics committee. The recruitment 
information letter is provided in appendix C. Sixteen interviews were carried out 
with junior (trainee) and senior surgeons (at consultant level). The specialties 
included vascular surgery, general surgery, urology and gynaecology (see table 4.1). 
Professional Years in 
Specialties 
Category Male Female level surgery General Vascular Urology Gynae- 
surgery Surgery cology 
Junior 51 Trainee 3- 5* 5110 
Senior 64 Consultant 12 - 35 5121 
Table 4.1. Sample of interviewed surgeons 
* trainee surgeon J 10 had 11 years experience in surgery 
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As there is particularly rich data on coping strategies gathered from more experienced 
surgeons two more interviews were conducted with senior surgeons than with junior 
surgeons. 
4.2.2 Data collection and procedure 
Individual interviews with surgeons were used for an in-depth analysis of perceptions 
of important stressors in surgery, the impact of these stress factors on surgeons and 
their performance, and how surgeons cope. The qualitative data were used to shape 
these concepts and how they are linked from a surgeon's perspective. 
Each participant was invited to respond freely to open questions and to identify key 
issues of stress relating to their practice. Following questions about general stress in 
surgical practice each participant was asked to choose an example of a stressful work 
situation in the past and to describe this experience in detail. 
General stress research considers stressors, stress responses and coping as the basic 
conceptual elements. The interviews were conducted using these components as 
basic elements for guidance through the interview. There were no assumptions on an 
underlying theoretical model. A semi-structured topic guide was developed 
addressing: perceived stressors, stress responses including cognitions, emotions, 
behaviour, physical and environmental responses; and individual coping strategies 
(see appendix C). All interviews were audio-taped, transcribed verbatim and then 
analysed using the data-driven grounded theory approach as described in chapter 3. 
Thematic analysis informed the recruitment process and continued until theoretical 
saturation (when interviews yielded consistent findings and no new themes occurred) 
was achieved. 
4.2.3 Data analysis 
A grounded theory approach was used to analyse the data (for a detailed description 
of this method and terminology see chapter 3). Preliminary analysis of all interviews 
was carried out to identify key themes. The researcher reviewed each interview as a 
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whole and then started the process of coding. Individual meaning-topics were 
identified and labelled as themes. In an iterative process of data collection, coding 
and memoing, core topics were identified and a tentative theoretical model was 
drafted after the first 4 interviews. Then a combination of deductive and inductive 
analysis was applied. The interviews were coded referring to the identified concepts. 
The concepts were modified as new information was gained. 
Ten interviews were coded by a second researcher of the research team' with a 
background either in surgery, medical education, psychology and clinical safety 
research or sociology. This methodology was adopted from IPA into this grounded 
theory approach. This approach facilitated a better understanding of the surgery- 
specific aspects to the researcher. A terminology that is suitable in the 
interdisciplinary research field was developed. Moreover, biases of interpretation of 
the results were minimised. However, there were no major deviations in the coding 
of the interviews. In the fast majority of interviews the surgeons' responses were 
clear and without ambiguity. The terminology was adjusted, deviations in coding 
were discussed and final themes were negotiated for each interview. The coding 
process of 10 interviews including theme selection and choice of labels was 
developed by the researcher in collaboration with the other members of the research 
group. Six interviews were analysed by the researcher only. When all 16 interviews 
were coded, a framework of themes and categories was evolved. The 
conceptualisation of the overall theoretical model, integrating the categorical 
structure and the memoing process, was developed in by the primary researcher. 
4.3 Results 
To start with, and overview of main themes which were raised across the topics of 
the interview guide are summarised under general findings. In the subsequent 
sections, stressors. stress responses and consequences of stress are described, 
followed by a comprehensive elaboration of surgical coping strategies. The 
s The collaborating researchers were Dr Maria W'oloshynow\ ch, Dr Krishna Moorthv. Dr Jane Kidd, Dr Roger 
Kneehone and Dr Debra Nestel. 
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theoretical model gained from this study is presented as a summary of these findings 
at the end of the results section. 
4.3.1 General findings 
4.3.1.1 Surgeons' attitudes regarding work related stress 
Surgeons initially emphasised the positively challenging characteristics of their 
profession and that stress was not a problem for them, especially when they were 
very experienced. Here are examples of senior surgeons' responses to the question, 
what kind of things cause them stress in their surgical practice: 
"Surgery shouldn't be stressful ... we 
do it because we enjoy it. " S7 
"You are asking questions that are not necessarily there. There is no such thing as 
stress in surgery. ... 
It's fantastic. " S16 
"I don't get stressed. Surgery is what I am trained to do. " S4 
A surgeon who recently had become a consultant explained his view on stress in 
surgery as follows: 
Doing something that doesn't stress me out wouldn't drive me, wouldn't get me out of 
bed in the morning, you know. So doing a list of hernias won't stress me out, it would 
just bore me. So you can't have the one without the other, that's the way I'm driven. I 
like pushing myself. S3 
This statement shows that surgeons perceived their work as challenging, but due to 
their personality they do not always regard stressful situations as negative 
experiences. However, virtually all surgeons acknowledged that stress was a key 
factor in their practice (to date or during their training) and they showed great 
awareness of their inner states during stressful situations. Although surgeons 
emphasised that they enjoy the challenges of their work, they acknowledged that 
excessive levels of stress can be unhelpful and may lead to error. 
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4.3.1.2 Differences between junior and senior surgeons 
Interviews elucidated many sources of stress in surgical practice. Senior surgeons 
demonstrated high awareness of their actions and were able to describe their coping 
strategies with great clarity. However, most emphasised that they apply such 
strategies unconsciously, by "automatic pilot" (S4), and therefore often do not 
perceive stressors as detrimental factors to their performance. Junior surgeons 
reported similar intra-operative stressors, but expressed uncertainty about how to 
cope and described fragmented rather than sophisticated and complete coping 
strategies. Although important principles such as verbalisation of stages of the 
operation were mentioned by trainee surgeons too, complete concepts were not 
reported. Junior surgeons for example seem to underestimate the importance of team 
communication, leadership and systematic problem solving. 
Senior surgeons showed a higher awareness of their own stress responses and may 
therefore apply coping strategies more consciously. They reported to plan and prepare 
for maintaining an optimal physical and mental state during surgery, e. g. planning 
breaks. They described this as beneficial to their operative performance. A senior 
surgeon reported: 
"Some surgeons have a rest. When I'm doing a six-hour operation I will often stop at 
3 to 4 hours, go away and have a biscuit and a cup of tea and just leave the patient 
on the table. (... ) I'm much more relaxed when I come back, and I'm less tired. And I 
finish the operation much quicker having spent 15 minutes out than I would have 
done. "SII 
Surgeons emphasised the relevance of a range of factors to their surgical 
performance, as this example demonstrates: 
"If I have been up all night I haven't had anything to eat, then those are going to be 
very negative performance factors. " S7 
In contrast, junior surgeons reported a very strong focus on the task in hand and a 
lack of awareness of their own physical and mental condition during surgery. A 
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senior surgeon explained that surgical training often requires to neglect one's own 
responses to stress and well-being: 
"If you are tired it doesn't matter, you just get on with the job ... this 
is what surgical 
training is all about, you know. You just do it.... If you don't do it the patient will die, 
so you just get on with it.... That is one of the main points of surgical training: to put 
your feelings, and your tiredness and your needs way down at the bottom of the pile, 
and you just keep going. " S7 
This characteristic of surgical training may also lead to neglecting responses that are 
relevant to surgical performance. Both, junior and senior surgeons showed a strong 
sense of responsibility. They clearly prioritised the care for the patient and aim to 
assure optimal performance. This attitude leads in junior surgeons to a sole focus on 
the patient and the surgical task, and neglecting their own condition when operating. 
Senior surgeons showed a greater awareness of themselves requiring sufficient 
resources to be able to provide a high standard of performance. The following 
statement of a senior surgeon highlights this attitude: 
"You may have a duty to that patient. Your biggest duty that day is to do a six hour 
operation. The last thing you want is your surgeon to arrive stressed and worked up 
in a bad mood... you know, you don't want that. " SII 
4.3.1.3 Calling for help - issues reported by junior and senior surgeons 
Junior surgeons reported difficulties in judging their own operative competence and 
uncertainty about when to call for help in highly stressful situations. In line with this, 
experienced surgeons stated to be better able to judge junior surgeons' skills and 
capability. However, junior surgeons mentioned to be hesitant to call for senior 
support. They were concerned that it may affect their career progression and 
emphasised that this were a characteristic of the professional culture of surgeons. 
Senior surgeons showed awareness of this issue. One of them emphasised: 
"The most important thing is to know that you are not going to be castigated, not 
going to be criticised for calling for help. ... 
We shouldn't make our junior staff feel 
incompetent if they need help. " S14 
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However, junior surgeons were most concerned about future opportunities of 
practical experience, as this statement demonstrates: 
"Ultimately a good boss will support you. But if you kept calling for their help then 
they think you can't do this, so they give you less to do. ... 
And my biggest fear is 
coming to the end of my training and not knowing what I'm doing. That's my ultimate 
fear. So you will take as much as you can. " J6 
4.3.2 Intra-operative stressors 
Table 4.2 lists key categories of sources of stress in surgery. Unexpected surgical 
complications and emergency cases were perceived as highly stressful and most 
likely to reach unhelpful levels of stress. Although advanced tasks (e. g. complex 
procedures or operating on high-risk patients) were described as challenging rather 
than stressful, the combination of several demands was perceived as lead to 
extremely high levels of stress. 
Stress due to the listed factors, however, is particularly high because of the 
responsibility of the surgeon. A senior surgeon explained the combination of the 
responsibility of the surgeon and stress factors such as team work problems: 
"As a surgeon you always feel a bond between yourself and the patient. / don't mean 
a bond in an emotional sense. There is an element of trust, you know. ... 
You are 
going to do something which has profound implications for him, he is going to be 
totally out of control because he is anaesthetised. ... 
A normal human being would 
actually be hesitant about signing up to that. That makes the stress for surgeon: they 
are coming into hospital for you to make them better - and suddenly, you know, you 
are doing your job to the best of your ability but ... you are 
being let down by the 
people around you. "SII 
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I 
Intra-operative stressors 
Emergency cases 
Surgical complications 
" Surgical error 
" Unexpected bleeding 
" Difficulties in finding the source of a problem 
" No progress during the surgical procedure 
Advanced tasks 
" Complex surgical procedures 
" High risk patients 
" Multitasking 
" Immediate decision-making 
Equipment problems 
" Missing Equipment 
" Equipment failure 
" Unfamiliar Equipment 
Team work problems 
" Incompetent staff 
" Inexperienced staff 
" Language problems 
" Staff paying no attention 
" Interpersonal problems 
Distractions 
" Noises 
" Chatting 
" People walking in an out 
" Bleeps 
" Phone calls 
Personal factors 
" Tiredness 
" Hunger 
" Illness 
" Physical discomfort 
" Personal problems 
Table 4.2. Overview of intra-operative stressors. 
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4.3.3 Stress responses 
4.3.3.1 Surgeons' perceptions of stress responses affecting their performance 
Surgeons showed a great awareness of their own responses to stress during their 
practice. Interestingly, most responses were reported linked to the effects on aspects 
of their performance during surgery. Surgeons mainly reported effects on cognitive 
performance, which was perceived as a major impairment of the operative process. In 
addition, it led to changes in their team communication. Technical performance was 
reported to deteriorate, but not to the extent that is crucial for an overall successful 
performance of the operation. However, most statements demonstrated the effects of 
stress on a range of performance aspects, for example: 
"You might ask for the wrong instruments ... small mistakes ... 
badly placed stitches 
... it impairs your ability to work as effectively" 
SI 1 
"You might rush or you might do things badly or you might make the wrong decisions, 
you might take shortcuts. "J6 
An overview of surgeons' reported responses to stress during surgery is provided in 
table 4.3. 
4.3.3.2 Physical responses 
Surgeons reported typical stress responses due to higher autonomous activity, i. e. 
heart pounding, sweating, headache and physical tension while operating. A junior 
surgeon described his stress responses during surgery as follows: 
"You feel yourself becoming blushed ... you 
feel your heart rate go faster,... and get 
tunnel vision, you just look at one single bit. " J6 
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Physical responses such as being shaky, clumsy and less dextrous were also reported. 
These were perceived as causing minor technical mistakes during operations. The 
following quote provides an example: 
"You can have a tremor and, you know, you try to do things three or four times. " S7 
Cognitive responses related to cognitive performance 
Unable to think clearly More focused on the task 
Unable to judge the situation Higher sensitivity to distractions 
Make a wrong decision higher alertness 
Doubting earlier decisions Over-focusing the problem 
Oscillating between two strategies Increase in perceived difficulty 
Behavioural responses related to impaired technical performance 
Small technical mistakes No progress of the operation 
Less dextrous operating Wrong sequence of steps 
Rushing 
Emotional stress responses 
Anxious Feeling stupid 
Angry Feeling guilty 
Frustrated Annoyed with oneself 
Tense Felling helpless 
Panicking Excited 
Physical stress responses 
Feel the `adrenaline rush' Head ache 
Heat pounding Agitated 
Tension Shaking 
Sweating 
Behavioural responses related to impaired non-technical performance 
Forceful communication Becoming quieter 
Snappy 
Table 4.3. Overview of surgeons' reported stress responses during surgery. 
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4.3.3.3 Emotional responses 
All surgeons described a variety of emotional responses due to stress in surgery. 
Anxiety was highlighted, followed by anger, frustration and irritation. Feelings of 
high urgency to think, decide and act, high pressure and a tendency to rush were 
characteristic of junior surgeons. After surgery, they reported tiredness, negative 
affect and the need for social support after extremely difficult cases. A senior 
consultant explained: 
"You are doing the best for your patients and you are trying and keep a clear mind ... 
but in yourself you feel anxious, yeah, that's very difficult to describe. " S4 
4.3.3.4 Cognitive responses 
Surgeons recognised that stress influenced their cognitive performance such as 
judgment and decision-making during operations. Most surgeons had experienced 
situations in which they were unable to think clearly due to their own stress response. 
They perceived difficulties analysing surgical problems logically and making 
decisions about the next steps and that normally straightforward actions could be 
perceived as difficult. When asked, When is stress unhelpful to your performance?, a 
senior surgeon replied: 
"Well it's unhelpful when it clouds your judgement. ... 
Sometimes it gets to a point 
when you feel you can't make a decision and you feel: Ijust don't know what's going 
on'.... you can't think objectively, and when stress is combined with tiredness which 
often go hand in hand ... you can't make a 
decision on simple, simple things. " S3 
Surgeons also reported doubts, indecisiveness and illogical actions, as this examples 
illustrates: 
"Only when you are in trouble you start thinking what did I get not right in the first 
place, ... you could 
have done the wrong operation or the wrong diagnoses and you 
think you have done the right operation, so you start doubting the diagnoses and 
thought `doubts, doubts, doubts, doubts' and start spiralling downhill. "' J6 
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Under stress, distractive thoughts were perceived to be more intrusive. The surgeons 
mentioned worrying about justifying their decisions, about their professional 
reputation and medico-legal considerations. 
4.3.3.5 Behavioural responses 
Communication patterns change in stressful situations. Junior surgeons tended to 
over-focus on the technical problem which led to a reduced exchange of information 
with the team to a minimum. Some surgeons reported that they become short 
tempered. Moreover, surgeons reported to react to the perceived pressure by 
changing their way of technical procedural performance, such as rushing or taking 
shortcuts when performing the steps of the operation. 
4.3.3.6 Consequences of surgical stress 
Surgeons reported a variety of medium and long term consequences after stressful 
surgical events. Anxieties, worries and high stress levels and tiredness after work 
were emphasised. 
The following examples of surgeons' statements demonstrate how stressors of 
surgical practice influence general life stress of surgeons: 
"You remain with high stress levels after the surgery and you are going back to see 
your patient every now and then. You are a bit stressed out. The patient fills your 
mind. You don't think of anything else, for about half an hour, maybe an hour. And as 
said it can continue into one or two days. "J10 
A senior surgeon reported the following consequences of an extremely stressful 
surgical situation due to a surgical error: 
"And then the worst thing was the stress afterwards... awful, dreadful, because you 
are worrying and the patient was in for three weeks... rather than two or three days. 
think I was very scared to do that operation, that type of operation again for a 
bit... and / remember being very careful to go through a number of those operations 
with the chief ... 
but it is a bit like falling off a horse, you will have to get back up. " S4 
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He acknowledged that these stressful experiences influence surgeons in the long 
term. He explained them as a natural response and indicated their importance for 
developing to a greater sense of professional responsibility: 
`7 think it will stay with you for life. I think every surgeon remembers all the mistakes, 
think if it doesn't, I don't think you are a good surgeon. ... 
I think you might just 
be a technician rather than a thinking, feeling surgeon. " S4 
4.3.4 Surgical coping - the main theme of stress in surgery 
The conceptual framework of coping was more complex than the thematic structure 
of stressors, stress responses and consequences described above. Surgical coping 
strategies include a variety of behaviours which all aim to assure an appropriate 
performance during surgery. They include avoiding and minimising stressors before 
and during surgery, and overcoming inevitable demands during operations. The 
latter, summarised as intra-operative coping strategies, were described in great detail 
by the participants of this study. In particular, senior surgeons reported sophisticated, 
comprehensive concepts of coping with stressful surgical situations. A detailed 
outline of the surgical coping strategies with examples of verbatim citations is 
provided in appendix C. As mentioned above, the data showed that surgeons arrange 
large parts of their lives around surgery. Even their choice of leisure time activities 
can be aimed to relieve stress and to improve their mental and physical fitness in 
order to enhance their surgical performance. The reports of all these coping activities 
implicated various phases as demonstrated in table 4.4. 
Coping phase Time frame 
Pre-operative I The days before the operation 
Pre-operative 2 Hours before the operation 
Intra-operative From incision to closure 
Post-operative Immediately after the operation to several hours afterwards 
Medium term Several days up to weeks after the operation 
Long term Continuous, over years 
Table 4.4. Phases of coping relevant to surgery. 
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4.3.4.1 Pre-operative coping strategies: Planning and preparing 
All pre-operative coping activities are characterising by meticulous planning and 
detailed preparations for surgery, which represents a main principle of surgical 
practice, as this statement demonstrates: 
"Everything / do in life is planned. Unplanned activities are stressful. ... 
The trick is in 
surgery, planning not to lead yourself into any trouble. Not planning how to get 
yourself out of trouble.... It's all planning not to get yourself into trouble. "S 16 
Preoperative strategies 1 
The night before an operation, surgeons reported that they read surgical literature to 
increase their knowledge of the particular procedure, and plan the steps of the 
operation. They consider possible complications and prepare backup-plans. 
Experienced surgeons reported that they plan breaks to rest and eat during long cases. 
Consultants also mentioned that they check the members of the team for advanced 
cases so that they can be sure they are supported by an experienced nurse or they 
make arrangements to work with an experienced colleague. At this stage a major aim 
of the surgeon is to avoid unnecessary stressors by planning and preparing the case in 
advance, as this statement illustrates: 
"I make sure in advance that I'll have a good assistant. I can't control the anaesthetist 
but I can slightly control how much they check and if I'm doing a complex procedure I 
actually I tell the nurses ... 
that I do not want to have a trainee nurse. ... 
Reduce 
stress in advance. " SI 1 
Preoperative strategies 2 
During the hours before an operation, surgeons mentally rehearse cases as part of 
their mental preparation. Moreover, they avoid any sources of stress, which they 
referred to as `cocooning,. They avoid multitasking and tend to delegate or postpone 
stressful activities. They fill delays with useful activities, such as reading, in order to 
minimise their own stress levels in advance and to be in an optimal mental and 
physical condition to perform surgery. Surgeons also reported that they check the 
availability and functioning of equipment, notes and necessary patient information 
themselves, even if this is the responsibility of other member of the operating team. 
"Before a big operation / usually try and walk away from stressful situations so / don't 
get stressed. ... I try and cocoon myself 
from stress ... 
deliberately. / don't do phone 
calls, I don't do anything like that. / read the newspaper and just relax. "SII 
Just before the beginning of the operation the surgeons reported that they focus only 
on the case. Experienced surgeons described this as a "sanctuary "(S12) as there is 
only the surgical task that is important and nothing else to focus on. 
4.3.4.2 Intra-operative surgical coping strategies 
Intra-operative coping strategies are applied during the time-critical phase in the 
operating theatre for dealing with the inevitable, immediate demands of surgery. 
They were emphasised as essential activities facilitating an appropriate performance 
and were described in more detail than then pre- and post-operative coping. A 
detailed outline of the key themes is provided in tables 4.5 and 4.6. In this section, 
the strategies for dealing with inevitable stress during surgical procedures are 
described. 
11-1 
Intra-operative coping strategies 
STAGE 1: RECOGNITION OF STRESS 
Awareness of stress 
Early recognition of stress 
STAGE 2: STOP AND STAND BACK 
Facilitating control of self 
Facilitating control of situation 
STAGE 3: CONTROL OF SELF 
Distance yourself from the stressor 
" Distancing yourself mentally 
" Having a break 
" Doing another part of the operation 
" Focussing on the task 
" Ignoring personal problems 
Physical relaxation 
" Waiting 
" Breathing 
" Autogenic training 
Self-talk 
" To calm down or to remain calm 
" Enhance confidence 
" To improve focus on the task 
" To analyse the problem logically 
Table 4.5 Overview of intra-operative 
coping strategies: stages 1,2 and 3. 
Intra-operative coping strategies 
STAGE 4: CONTROL OF SITUATION 
Reassess the situation 
" Identify the problem 
" Get all information from the team 
Decision-making 
" Thinking from scratch 
" Generating possible solutions 
" Prioritising 
" Anticipate possible problems 
" Decision and a backup plan 
Prepare the next steps 
" Practical preparations 
" Go through mental checklist 
Involving the team and solving the 
problem 
" Communicate the problem 
" Leadership 
" Team work 
Performing planned operative steps 
Call for help 
" Get additional support from staff 
" Call a specialist 
" Call a more senior surgeon 
Table 4.6. Overview of intra-operative 
coping strategies: stage 4. 
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Control - the main principle 
Being in control was reported to be the overall principle during surgery, as stated by a 
senior consultant: 
"Fundamental for not being stressed is you are in control. "S 14 
In order to be in control surgeons explained thy need to recognise stress early and 
gain sufficient time to intervene and resolve the crisis. They emphasised two areas 
that are essential for successfully managing stressful situations in surgery: 
"You control the situation ... and you also 
have to regain control of yourself. " S9 
Early recognition of risks 
The early recognition of potential risk factors is crucial for successful coping. Senior 
surgeons recognise internal signals (i. e. distractive thoughts, heart pounding, anxiety, 
clouded judgement, the operation not progressing and doubts) as indicators for stress 
in themselves. For example a consultant reported: 
"... you are continuing a long line of activity, thinking, reasoning, whatever it happens 
to be, and it is getting you nowhere. And 1 think for me that's always been a signal to 
stop for a minute ... 
Stop for a minute, reassess, think again, and then with luck it will 
come clear. " S 14 
With experience surgeons get to know their own responses. They consider these 
when planning an operation, i. e. the need for breaks or food in order to maintain 
appropriate performance. However, it remains a challenge to recognise their own 
stress levels as one senior surgeon reported: 
"If you are a bit panicking... you might stop your logical sequence of doing 
something. You don't recognise that it is happening and I think it's very difficult then. 
Sometimes you do recognise it... I think it's very hard to cope with that. " S 11 
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In contrast, junior surgeons did not consider or recognise their own stress and its 
detrimental effect on their performance. A junior surgeon described the lack of 
awareness of own stress responses during surgery: 
"Well I think when you are stressed you don't really think that you are stressed.... 
You are almost so involved with the patient that you might forget that you are just 
screaming or shouting.... When it is finished you realise `Oh my god I'm shaking', ... 
but you might not have realised that that's what happened to you at the time. " J13 
Junior surgeons are more likely to miss cues of their own stress levels, to recognise 
these as a risk factor for safe surgical practice and to not realise the need for applying 
coping strategies. This lack of awareness is partly related to a strong focus on the 
task, i. e. over focus. 
`Stop and stand back'- the starting point of effective intra-operative coping 
When unexpected complications occur, reported above as a major stressor, 
experienced surgeons stop what they are doing and try to gain time (e. g. by putting 
pressure on bleeding). They `stand back' mentally and regain self-control, then 
reassess the situation, make a decision and prepare for the next stage. A guiding 
principle was to avoid over focus on the task and "break the vicious circle " (SIO) of 
anxiety and time pressure leading to clouded judgement and decision-making 
problems. Senior surgeons emphasised that gaining time is extremely important for 
reducing their own stress levels and preparing everything for solving the clinical 
problem in hand. A consultant surgeon explained how he would react if an 
unexpected bleeding would occur: 
"I'd try to temporarily control the situation with a pack or pressure, and then that 
gives me time to think about what I'm going to do ..., make sure 
that all the right 
equipments are available ... 
I try and control the situation. " SI I 
The process of surgical coping starts with the `stop and stand back' method 
providing sufficient time for applying strategies of the two main coping categories: 
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control of self and control of the situation. A senior surgeon described the coping 
process: 
"The first thing I would do is pack the area and put pressure on it, stop the bleeding. 
Then I'd probably wait for a few minutes just to let my heart rate return to normal and 
uh... get over my initial anxiety associated with it, and I would use that time to get 
properly equipped. So I would make sure that I get proper assistance ... vascular 
clamps in the theatre, make sure I had the regular relevant sutures ready, perhaps 
get a second sucker, and I would tell the anaesthetist that we had a big bleed. Good 
surgeons don't panic in that situation, you know, bad surgeons panic and start 
sticking into the wound to try and control the vein without really being able to see 
very well whereas a good surgeon will actually stand back and probably what he is 
doing while he is standing back putting pressure on it is actually not just getting the 
right things to do the job properly but is also probably to reduce stress in himself. " 
S11 
Control of self 
As described above high stress levels can affect various aspects of performance, in 
particular cognitive and technical skills as well as team communication. The senior 
surgeons described in detail the process of getting back to an appropriate physical, 
cognitive and emotional state. Self-regulatory strategies such as immediate physical 
relaxation methods, distancing techniques and self-talk were emphasised. 
a) Self-talk 
Self talk represents an inner dialogue which involves self-instructions to on the one 
hand, guide themselves logically through the procedure and on the other hand, to 
calm down and improve their own confidence and focus. The following statement is 
an example of self-talk enhancing surgeons' confidence and influencing their 
emotional responses in difficult situations: 
"1 have to keep thinking to myself. - `I need to stay calm, / can deal with this. ... 
I know I 
can do it, / am good at it, I have a very low complication rate, I know / have done that 
before and I have done a lot of it. "' S7 
116 
Further, self-talk enables the surgeon to guide themselves through the problem 
solving process in a systematic way, as demonstrated in this example: 
"Let's think logically: `What is the next step that / need to do to regain control in this 
situation? How can I improve what I'm doing at the moment? "' S7 
b) Distancing 
Surgeons reported mental distancing techniques such as the `third person strategy', 
as this quote illustrates: 
"Try to be a little bit third person, ... what would 
be a sensible person's 
recommendation to make this operation better for me. " S7 
Other ways of mental distancing are described in the following statement: 
"Trying to take myself out of the environment... maybe thinking about what I am 
doing for the rest of week or... if I am going on holiday soon I might think about going 
away on holiday. " SI I 
Other behaviours to mentally and physically distance themselves from an intra- 
operative stressor are described in the following statements: 
"Move away from the difficult bit and come back to it later. " S14 
"What / usually do is, if for example / got a wrong instrument 1'111 put a pack in and go 
and stand and look at the window... you know, just do something that takes me out 
of the stressful environment. " S11 
c) Physical relaxation 
The importance of a relaxed physical state has been emphasised: 
"You have to be relaxed. It's like playing football. If you are not relaxed you are not 
gonna play well. " S16 
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Surgeons reported that they use deep breaths, stretching and short pauses to reduce 
physical tension and so benefit their performance. One senior consultant reported that 
he uses autogenic training as an effective relaxation technique that leads to an 
improved mental as well as physical state. He stated: 
"I actually train myself, just sit and totally relax ... and 
I can actually in five minutes 
think rejuvenate myself totally. " S4 
He reported that he had learnt this technique from a patient who recognised that the 
surgeons suffered from tiredness. He applied autogenic training to reduce tiredness 
and tension, and perceived it as helpful to overcome sleep problems. 
Control of the situation 
To control a difficult situation, surgeons go through the stages of reassessment and 
decision-making followed by intra-operative planning, preparing and team leading to 
finally put the plan into practice to solve the surgical problem. 
a) Reassessment 
The reassessment of the situation involves `stepping back' mentally and "thinking 
from scratch " (S16), identifying the problem, the source of the problem and 
exchanging all information with the team. A senior surgeon explained: 
"I have to keep thinking to myself: `... How can I improve what I'm doing at the 
moment? Do I need to change .... 
Do I need another assistant? Do I want extra 
anaesthetic help? ', you know, and, uhm and trying to be very logical and clear about 
analysing the problem and what it is I need to do to reduce the impact of each of the 
things that are going wrong. " S7 
b) Decision making 
Based on the judgement of the situation in hand the surgeon considers several 
approaches for solving the problem. Surgeons generate these by focussing on those 
factors they can influence and compare the expected outcomes. Moreover they 
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anticipate possible problems, create backup plans and prioritise before making the 
final decision. Generally, surgeons emphasised the importance of making a 
judgement and a decision while not operating thus highlighting the importance for 
the `stop and stand back' time. 
c) Intra-operative planning and preparing 
After the decision on how to proceed the surgeon prepares the next steps according 
to the strategy. This includes acquiring all necessary equipment and guiding the team, 
as demonstrated in the quotations below: 
"I would inform the anaesthetist. Second thing is that you have to make sure that 
your light is adequate ... probably 
I would ask for a suture ... 
have your assistant 
ready and woken up ... call 
for another assistant ... and then, 
I think, if everyone is 
happy, the anaesthetist is happy ... then 
I take the pack out and try and find the hole 
where it's bleeding from. " S9 
d) Team communication and leadership 
In high stress situations the hierarchy within the team changes and the surgeon gets 
the full attention of the team, and communicates clearly and assertively, as illustrated 
below. 
"I make myself more commanding, more assertive, let everybody know that I'm in 
control and if I speak they need to listen and they need to act. ... 
I make my voice 
louder, I make it more assertive, I make my instructions louder and clearer: `Stop 
talking! Turn the radio of! ... 
Please would you people leave the theatre, I've got a 
problem, I need to sort this out! ', and generally make sure that everybody knows I'm 
in control and I need to be listened to. So that helps. ... 
It becomes then a much 
more hierarchical structure then a team structure. " S7 
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e) Performing the planned actions and resolving the surgical problem 
When the plan has been performance, the resolution in itself was reported to have a 
major stress-reducing effect and lead to a positive feedback circle. A senior surgeon 
explained: 
"And / think if you take the decisions and they are apparently the right ones the stress 
becomes less because you think `that's good, I've got control. We want the next 
step. "' S4 
Calling for help 
Senior surgeons emphasised the importance of recognising the need for and then 
calling for help when necessary. This is an important strategy as highlighted by the 
following statements: 
"The really dangerous surgeons are the ones who do not know when to call for 
help. " S7 
Interestingly, criteria for when to call for help included a large variety of opinions 
from surgeons at all experience levels, e. g. if they had doubts; if they perceived it as 
difficult; if they felt unable to resolve the surgical crisis because of lacking 
knowledge or skills; if they were not making progress; if the situation was getting 
worse; and to call for help before they needed it. 
4.3.4.3 Post-operative strategies 
The phase after finishing an operation represents the phase before the next case. 
Hence, the importance of re-analysing cases in order to gain more strategic 
knowledge for future operations and planning and preparing were highlighted. After 
a case, surgeons reported that they have debriefings with the operating team as the 
following quotes show: 
"That's very important, to talk through it afterwards ... to think about 
it, to discuss it 
with colleges. " S7 
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Another important aspect of post-operative coping is relieving stress after difficult 
experiences. An additional positive effect of discussing cases (apart from improving 
strategic knowledge and getting reassurance about previous decisions) is to share 
stressful experiences with colleagues providing social support. The following quote 
illustrates this: 
"If I had a lot of fear, I need to share it with somebody because if you don't share it 
with somebody you become very isolated. You think: ' Oh my God, I'm the only 
person that's ever been scared when operating'. ... 
You feel much better if you feel 
it's a common experience, you know, what you feel is normal. And that's helpful too. " 
S7 
After very stressful situations, i. e. when a patient died, debriefings and re-analysis of 
a case would not always occur immediately after the operation. Counteractive 
strategies, such as sport activities, were mentioned as immediate stress relievers, or 
social support from colleagues or family. A senior surgeon reported the following 
way of coping with a death on the operating table: 
"I go away, sit down and just think about it. You can't do any other work. The last 
thing you want to do as a surgeon is to start operating again. ... 
I sit in the dark in a 
room for half an hour and make a phone call, talk to my wife, uhm, and then go and 
do something else, go to the gym, go swimming, you are taking the mind off for a bit 
and then you know, think about it for another couple of days.... It leaves a scar on 
you forever, which is a good thing because it makes you think twice before you tackle 
a similar case again. .... 
it's much better to actually leave it and come back to it a 
couple of weeks later, look at the original decisions to operate and the 
circumstances in which the death occurred. "SII 
4.3.4.4 Medium and long term strategies 
Surgeons reported that they attempt to build up their resources and to pursue 
activities that improve their physical and mental fitness. They constantly work on 
their knowledge and skill development as this leads to a more stable performance 
(e. g. automatisation of skills) which is less likely to be impaired by stress. 
Experienced surgeons mentioned the importance of establishing the operating team, 
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improving the communication and the flow of actions, as demonstrated in the 
following extract: 
"When I get a new team my first operating list is not as comfortable, not as secure 
because they don't know you, ... 
they don't know how you work, I have to tell them 
every little thing. ... 
If the team is new, it is best to put on cases that are 
straightforward ... to get 
to settle in together. It took me a long time before I realised 
that. " S14 
In summary, the focus of surgeons' interest is maintaining optimal operative 
performance, also in stressful circumstances. Surgeons reported a variety of strategies 
avoiding stress, before as well as during surgery. Planning and preparation plays an 
essential role. Recognising unhelpful levels of stress, and intervening effectively 
considering the `stop and stand back' method, facilitating the application of 
strategies of control of self and control the situation were identified as the main 
components of intra-operative coping. After stressful experiences surgeons reported 
to re-analyse cases meticulously and relieve their own stress levels. 
4.3.4.5 The development of surgical coping strategies 
All participants reported that coping skills for highly stressful situations were never 
considered during their surgical training or formally discussed among colleagues. 
The interviewees developed strategies by trial and error or by observing senior 
surgeons effectively dealing with difficulties during operations, as this statement 
illustrates: 
"As a trainee you call the boss, and you watch what the boss does. ... 
The boss 
always makes the hole bigger. You think 'right, next time I'm going into trouble, 
before I call the boss I make the hole bigger and I'll improve my retraction, and I'II 
improve the light, because that's what the boss did when I called the boss. " S7 
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4.3.5 The model of Stress, Coping and Performance of Surgeons (SCOPOS) 
This interview study has revealed a model of surgeons' perception of stress and 
coping related to their work. Figure 4.1 provides an overview of this theoretical 
concept. 
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Figure 4.1. Model of Stress, Coping and Performance of Surgeons (SCOPOS). Stressors are 
perceived to lead to stress responses which are detrimental to surgical performance. Surgical 
errors and stress responses may represent stressors, which is depicted by the dotted line 
symbolising a feedback loop. Coping strategies are applied to minimise both stressors and 
stress responses. In addition, strategies to directly enhance operative performance are 
applied. Experienced surgeons reported more sophisticated coping concepts, and are likely 
to perform better than junior surgeons. 
Surgical coping represents the core component. The nature of surgical practice 
involves many demands. A range of stressors and their combination at the same time 
were perceived to increase surgeons' stress levels. Although the participants reported 
to generally enjoy the challenges of their work, strong stress responses were 
perceived to affect their operative performance. This includes primarily cognitive 
performance, such as judgement and decision making, and behavioural aspects such 
as impaired team communication. These performance components represent non- 
technical surgical skills. In addition, poor technical performance due to stress 
responses was mentioned. Surgical errors and stress responses, e. g. increased 
sensitivity towards distractions are considered as potential feedback loops and are 
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depicted by the dotted line in figure 4.1. Surgeons reported sophisticated concepts of 
coping with stress in order to maintain an appropriate quality of performance. These 
include pre-, intra- and post-operative and long-term activities. They represent 
strategies which avoid or minimise stressors, avoid or reduce their stress responses. 
and contribute to enhancing their surgical performance. These principles of surgical 
coping are summarised in table 4.7. They are applicable in all phases of the surgical 
coping process. In table 4.7 examples of strategies representing each principle at each 
coping phase are provided. 
Principles of Post-operative Intra-operative Post-operative 
Medium and 
coping coping phase coping phase coping phase 
long term 
coping phase 
Equipment checks Positive team Postponing the re- Establishing the 
Avoiding Planning and communication analysis of operating team 
backup-planning Planning and difficult case to an Broadening 
stressors for the operation preparing next appropriate time surgical skills 
steps 
Avoiding Cocooning Breaks during Social support Sports to improve 
stress Planning breaks long cases individual 
responses resilience 
Minimising Reading during Control of Postponing re- Broadening 
inevitable 
delays situation strategies analysis of knowledge 
difficult case to an Improving surgical 
stressors appropriate time skills 
Reducing Physical relaxation Control of self Leisure time Sports to improve 
stress strategies activities individual 
responses Social support resilience 
Backup-planning Self-talk Re-analysis of Broadening 
Direct improving focus cases knowledge and 
performance 
or guiding skills 
enhancement 
operative steps 
Clear decision- 
making pathway 
Table 4.7. Overview of coping principles at difference phases of surgical coping 
In summary, the SCOPOS model shown in figure 4.1 represents the mental scheme 
and perceptions of the surgeons who participated in this study. The findings - based 
on surgeons' perceptions - provide evidence that coping represents the core concept 
related to stress in surgical practice. The participants demonstrated a strong focus on 
their intra-operative performance and reported a range of strategies for influencing 
sources of stress and unhelpful stress responses. These processes were identified as 
most meaningful aspects of stress and coping in surgery, whereas aspects reflecting 
feedback loops were not highlighted. In addition the findings revealed that senior 
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surgeons reported more complete, sophisticated and coherent concepts of coping than 
junior surgeons. Experience in surgery is included in the model, influencing the 
appraisal of situations as stressful, the knowledge and use of coping strategies and 
surgical skills. 
4.4 Discussion 
4.4.1 Scope of interview information 
The data analysis revealed a theoretical model reflecting the participants' perceptions 
of stress in surgery. Surgical coping strategies were revealed as central component of 
the theoretical model. Coping strategies applied during surgery were elaborated in 
great detail. This indicates that the intra-operative phase is the most critical time for 
influences of stress, and coping strategies represent an essential component for safe 
practice. 
This study draws on rich qualitative data which investigated the perceptions of a 
sample of surgeons. Individual interviews allowed exploring these perceptions in 
depth to an extent beyond that usually gained from questionnaires or observations. A 
wide range of stressors, stress responses, effects of these factors on performance and 
coping strategies were reported. Surgeons referred to all phases of their work, beyond 
the operating theatre. After an initial reluctance to acknowledge their experiences of 
stress the interviewees responded openly and exposed their individual vulnerability 
which is reflected in the quality of these data. Moreover, sensitive issues such as the 
professional culture of surgeons and calling for senior help during surgical crisis 
situations were raised by junior as well as senior surgeons. The openness of the 
participants of this study is one of the great advantages compared to research using 
questionnaires. Using individual and confidential interviews conducted by a non- 
surgeon are likely to have contributed to the openness of the participants. 
The data show attitudes reflecting the culture of surgeons, including the strong sense 
of toughness and responsibility, and extraverted personalities seeking the excitement 
of surgical work. Senior surgeons reported more sophisticated coping concepts. This 
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suggests a greater knowledge and application of coping strategies. Moreover. senior 
surgeons appeared to have a greater awareness of stressors and stress responses and 
detrimental effects of these factors on their performance. This awareness is likely to 
lead to a greater development and use of coping strategies. 
4.4.2 Reported stressors, stress responses and their implications 
Information about typical stressors of surgical practice was gained, and their effects 
on the individual, i. e. surgeons' stress responses, were identified. The majority of the 
reported stressors were acute demands within surgical crisis situations in 
combination with suboptimal support or resources. The reported stressors are in line 
with previous findings, such as severe tiredness and multitasking (Green et al., 1990; 
Bunch et al., 1992). The consequences of stress found in the literature such as 
feelings of exhaustion, increased worries and anxieties after stressful experiences 
were reported (Thomas, 2004; Bunch et al., 1992; Arnetz et al., 1988; Sargent et al., 
2004). In addition, a range of immediate emotional stress responses were reported, 
though the predominant emotional response was anxiety. Other emotions were anger 
or irritation. Anxiety was reflected in the high risk situation for the patient (see also 
Kent & Johnson, 1995), whereas anger referred more to a lack of support by the 
team. The emotional responses were perceived as contributing to the experience of 
unhelpfully high stress levels. 
In contrast to other studies which reported general work stress, a range of intra- 
operative stressors were emphasised in this study. These stressors were perceived as 
leading to stress responses which were closely related to surgeons' operative 
performance. In particular cognitive performance, i. e. judgement and decision 
making were reported to be affected. This is likely to be related to the increased 
activity of the HPA axis and the release of cortisol which has been shown to affect 
cognitive processes (Kirschbaum et al., 1996; Het et al., 2005). The reported stress 
responses included indicators of increased autonomic activity such as increased heart 
rate, sweating, and "feeling the adrenaline rush", which supports this hypothesis. 
Moreover, in other professional domains such as sport or aviation similar effects on 
cognitive and motor performance were found (e. g. Leino et al.. 1999; Krueger et al., 
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1985). However, surgeons also emphasised that moderate stress levels can have a 
performance-enhancing effect, i. e. resulting in a higher level of alertness and bring an 
aspect of excitement relating to these challenging aspects of surgery. These findings 
support the Yerkes-Dodson Law (Yerkes & Dodson, 1908) as well as the theory of 
Individual Zone of Optimal Functioning (IZOF, Hanin, 2000; Hanin, 1980). The data 
suggest that surgeons have a higher threshold to the experience of unhelpful levels of 
stress. In that sense, the Yerkes-Dodson-Law may represent a generalisation or 
simplification of the IZOF (Weinberg, 1990). 
4.4.3 Reported coping strategies 
4.4.3.1 Surgical coping strategies in the context of coping styles 
The reported coping strategies included a wide range of strategies reflected in a 
complex thematic framework. These coping strategies include coping principles, 
such as reduction of their own stress levels, stressor avoidance and activities directly 
enhancing surgical performance. They consider strategies which are in line with the 
evidence-based three-factorial model of emotion-orientated, task-orientated and 
avoidance-orientated coping (Cosway et al., 2000) and with elements from Lazarus 
and Folkman's well established coping theory (Folkman, 1988), e. g. emotion- 
focussed and problem focussed coping. Self-control strategies are mainly emotion- 
focussed and situational control strategies are similar to problem-focussed strategies. 
Hence, this theoretical parallel can be identified. However, the surgeons' mental 
representation of coping concepts reflected phases of surgical coping. All coping 
approaches were shaped around their performance in the operating theatre. They 
emphasised control as the overall principle, requiring awareness of performance 
relevant factors such as stress responses, and the need for time to facilitate the coping 
and problem-solving process. 
4.4.3.2 Avoidance as a strategic principle 
Active avoidance of the occurrence of stressors or negative consequences, i. e. stress 
responses and subsequent performance is one of the main principles of surgical 
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coping. In the psychology literature avoidance behaviour has been considered as 
potentially harmful due to the pathological aspect, i. e. the tendency to obsessive- 
compulsive behaviour (Compas et al., 2001). However, within a normal range 
minimising stress in advance is an important surgical skill that applies to the various 
phases before the operation but also to intra-operative decision making. In sports, 
avoidance strategies have also been found to be performance enhancing (Anshel & 
Anderson, 2002; Krohne & Hindel, 1988; see Nicholls & Polman, 2007 for a 
review). 
4.4.3.3 Surgical coping strategies in comparison to coping in other domains 
The surgical coping concept shows similarities to coping strategies in other domains. 
Athletes and musicians reported self-regulation strategies (i. e. control of self) and 
strategic aspects of team communication and task performance which equals 
strategies of control of the situation (e. g. Gould & Udry, 1994; Steptoe, 1989b). 
Positive self talk, distancing techniques and breathing exercises for relaxation were 
identified as coping strategies reducing work related stress in musicians (Steptoe, 
1989) 
. 
Moreover, techniques such as relaxation and self-talk are elements used in 
interventions in clinical psychology (Meichenbaum & Novaco, 1985). Further, 
surgeons reported pre-operative routines such as relaxation and cocooning in order to 
minimise their stress levels in advance and to operate under optimal mental and 
physical conditions. Musicians reported strategies in preparation of performance 
including resting and reducing the amount of social interaction the day and the hours 
before the performance (Roland, 1994) which is comparable to surgeons' pre- 
operative coping. However, a difference of surgical coping to other domains was 
identified regarding time-management. Surgeons emphasised the `stop and stand 
back methods to gain time and to take time and avoid rushing even in highly 
pressured situations. In contrast, other professionals highlighted general time 
management but did not refer to situation specific coping with time pressure (e. g. 
Gould et al., 1993a). This may be related to the characteristic of the different work 
tasks, i. e. the need for immediate decision-making in surgery and the complexity of 
surgical work including the operating team requiring communication and team 
leadership. decision-making and fine motor tasks. In addition, there is a high risk of 
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potential harm for the patient. Hence, coping strategies of surgeons include a strong 
emphasis on planning and backup planning, and clear concepts of the problem 
solving process. i. e. judgement, decision making during unexpected crisis and intra- 
operative planning and preparing. The reanalysis of cases was reported to be 
important as another form of preparation for the next case. Although there are similar 
coping categories in other domains, the demands of surgery appear to be complex 
and surgical coping represents a more comprehensive and highly specialised 
framework. 
4.4.3.4 Coping strategies in the context of procedural surgical skills 
In the context of non-technical surgical skills, the coping concept indentified in this 
study is much more detailed and includes cognitive processes. The situational 
control strategies, however, include an overlap with non-technical skills categories 
such as communication and leadership and aspects of decision-making (Yule et al., 
2006b). However, the clarity of the pathway for decision-making during crises and 
the combination with self-regulatory strategies and gaining time using the `stop and 
stand back' technique have not been considered in measures of non-technical skills. 
Decision-making, for example, is measured by rating the appropriateness of the 
outcome of the decision making (Undre et al., 2007b), but the process and underlying 
strategic approaches have not been investigated. 
As described above, surgeons learn by observation, or by trial and error. Instructions 
on stress and coping to improve surgical performance and patient safety are not 
currently part of formal, systematic surgical training. 
4.4.4 SCOPOS in the context of other theoretical models of stress and coping 
Similar to the transactional theory, stressors, stress responses such as emotion coping 
are basic components. A primary cognitive appraisal process with focus on the 
relevance of a stressor for the patient's health outcome may be part of the perception 
of stressors. The secondary appraisal, i. e. judging the coping resources, seemed to 
depend on the surgeons' level of professional experience. The judgement of available 
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resources to cope with a surgical crisis represents an extremely important aspect 
relevant to junior surgeons considering calling for senior help. Generally, surgeons 
avoid stress as much as possible, but during surgery there is no option but to actively 
address the surgical problem. Apart from when to call for help, cognitive appraisal 
was not a topic highlighted in the interviews. 
The surgical stress model is in line with the COR model by Hobfoll (1989) and the 
Broaden and Build Model of Positive Emotions (Fredrickson, 2001) as it entails 
various ways of constantly increasing resources. However, all these coping activities 
are directed towards surgical performance enhancement rather than well-being. This 
corresponds to the proactive theories of coping. Schwarzers' (2000) theory considers 
coping referring to critical times which is similar to surgical coping. The dimensions 
of preventive coping includes long term strategies such as broadening surgical skills 
and knowledge; anticipatory coping may be represented in the early recognition of 
risks and backup-plans for complex cases; and proactive coping includes all 
preparations for surgery. The complete surgical coping concept could be regarded as 
a proactive coping approach, which includes elements of preventive and anticipatory 
coping. Moreover, the coping categories by Greenglass et al. (1998) such as 
proactive and preventive coping, but also strategic planning and instrumental 
support seeking during operations, and emotional support seeking as a post-operative 
strategy for relieving stress can be identified within the surgical stress and coping 
model. These are similar aspects to the elements of Carver et al. (1989) represented 
in the surgical coping concept, i. e. active coping, planning and seeking instrumental 
and emotional social support. In summary, the surgical stress model represents a 
proactive coping theory that is highly specific to the surgical domain. 
In the context of work-related stress and coping theories, the importance of control is 
a common aspect with the Job Demand-Control model. Further similarities with the 
Model of Coping with Stress in Managerial Occupations (CSMO) were found. This 
is the only work-related model of stress that considered individual resources such as 
the behavioural skills repertoire which corresponds to technical and non-technical 
skills in surgery; the individuals' mental and physical condition, and organisational 
social norms, a similar concept to surgeons' professional culture reflected in their 
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strong sense of responsibility and toughness. The CSMO model, however, considered 
health and well-being as an outcome of the stress and coping process, whereas the 
surgical stress and coping model focuses on performance enhancement and 
represents a highly specific framework referring to surgical practice. Similarities to 
general stress and coping approaches in the literature can be identified, which 
provides evidence for the validity of the reported coping strategies. However, it 
represents a novel and distinct theoretical framework. Considering the literature on 
surgical competence, this model explains the Habits of Mind component suggested 
by Epstein & Hundert (2002). This aspect of clinicians competence included the 
reflection on one's own thinking, emotions, techniques, attentiveness, awareness of 
risks such potential biases due to emotions and cognitions, and the willingness to 
acknowledge and to correct errors. Furthermore, the findings of this study are in line 
with McDonals & Orlick's (2002) findings on elements of surgical excellent. Mental 
readiness, focus, distraction control and constructive evaluations after cases were 
also reported in this study. However, they represent only aspects within the coping 
framework revealed in this study. The results of this research provide comprehensive 
insight to surgical competence from the view point of the psychological perspective 
considering stress and coping. 
4.4.5 Limitations and implications for future studies 
A limitation of this study is the fact that all participants were from hospitals in one 
city. However, our sampling strategy and methodology provided rich information 
from surgeons at varying levels of experience and a range of specialties. The fact that 
we reached theoretical saturation supports the presented conceptual framework. 
The SCOPOS model reflects the perceptions and mental schemes of stress and 
coping reported by surgeons. It needs to be validated, i. e. empirically tested. 
Furthermore, the actual effectiveness of the coping strategies cannot be evaluated at 
this stage. Nevertheless, there was a remarkable consistency of the reports of the 
expert surgeons in their coping approaches during stressful surgical situations. This 
and the consistency with core elements of established general theoretical models 
support the validity of this framework. 
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This study provides insight into surgeons' perception of work related stress, which is 
essential to identify significant aspects of stress that affect surgical performance and 
to develop appropriate and effective training. The interviews were conducted in a 
setting outside the operating theatre. The surgeons spoke about their stress and 
coping in a rather detached and theoretical way. When they reflected on stressful 
events in the past, some of them had experienced these several years ago. The 
advantage of this method is that the surgeons have reported their experiences 
referring to events for which they have had sufficient time to reflect and that issues 
related to these events may be psychologically resolved. The disadvantage is that the 
recall of information may be biased and not all aspects of stress and coping may be 
cognitively available (Nicholls & Polman, 2007). Data gained in real time or 
immediately after stressful experiences may include additional or more detailed 
information than that gathered in this study. 
Experimental research exploring the influence of stress and coping surgical 
performance as stated in the SCOPOS model is needed. This subsequent research 
stage can provide evidence if stress and coping represent critical factors for safe 
surgical practice. Investigating the hypotheses that i) surgeons' intra-operative stress 
responses are detrimental to surgical performance, and ii) coping is beneficial to 
surgical performance, represent the most relevant points of interest. Objective 
measures of stress and performance need to be included and individual surgical 
coping strategies need to be assessed. Furthermore, a complex experimental setting 
facilitating surgical stress research needs to be developed. 
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5. DEVELOPMENT OF SURGICAL SIMULATIONS FOR STRESS 
RESEARCH 
5.1 Introduction 
The Interview Study described in the previous chapter provided evidence that high 
levels of stress are perceived to adversely affect surgical performance. Based on the 
suggested theoretical model SCOPOS the effects of stress and coping on surgeons' 
operative performance were explored in an experimental study. One of the challenges 
inherent in this research is to identify a valid experimental setting that allows the 
assessment of stress and surgical performance under controlled conditions without 
jeopardising the patient's safety. 
High-fidelity simulations in health care have received increasing interest during the 
last decade. They offer a safe environment where surgical procedures including crisis 
situations can be applied (Moorthy et al., 2005; Gaba, 2004; Undre et al., 
2007a). They provide a standardised setting for conducting scenarios with a defined 
action plan. This facilitates the experimental variation of the level of challenge. 
Observational and self-report measures can be applied. In order to manipulate 
surgeons' stress levels as during real life operations, integrating typical stressors in a 
realistic simulation design is essential. Such simulations need to represent the 
complex environment of an operating theatre with all the necessary equipment, an 
operating team and the correct set up of the simulated procedure. 
This chapter describes the development of high fidelity surgical simulations designed 
as a research framework to assess intra-operative stress in surgeons at different levels 
of experience. This development process required the selection of representative 
stressors. The Interview Study provided an overview of stress factors which 
potentially affect surgical performance. Three different simulated surgical procedures 
were tested in one of the pilot studies described in this chapter. A sapheno-femoral 
junction dissection (SFJ), a laparoscopic cholecystectomy (LC) and a carotid 
endarterectomy (CEA) under local anaesthesia were chosen as simulated operations. 
I1 -)3 
Each was evaluated in detail using the following criteria: 
Feasibility and practicalities 
" Technical feasibility of the simulation (including the procedure) 
" Feasible for participants (including implications for recruitment) 
" Feasible for the simulated team 
" Required resources (the research team, collaboration, organisational aspects) 
Validity 
" Realism 
9 Acceptability 
0 Stress factors 
" Stress levels 
The subsequent studies describe the process of testing and developing different 
surgical simulation designs and the selection of the most suitable simulation as a tool 
for research investigating intra-operative stress. 
5.2 Feasibility Study 1: Simulated sapheno-phemoral junction 
dissection 
5.2.1 Background and Objective 
The aim of this pilot study was to recreate typical intra-operative stressors in a 
simulated operation facilitating intra-operative stress research. Therefore, pilot 
simulations were carried out with the focus on feasibility of the simulation design. A 
small number of simulations were sufficient, and an iterative process of within this 
pilot study was pursued. A sapheno-phemoral junction (SFJ) dissection was used as 
simulated operation. 
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5.2.2 Methods 
5.2.2.1 Participant recruitment 
Participants were surgeons who had performed at least one SFJ ligation before. They 
were volunteers and were recruited in the Department of Biosurgery and Surgical 
Technology, Imperial College London. The recruitment information is provided in 
appendix D. Informed consent was obtained from all participants. A bleeding from 
the femoral vein and other stressors such as equipment problems, lack of team work 
and distractions were integrated in the simulation scenario. 
5.2.2.2 Materials 
Simulation model 
A sapheno-phemoral junction dissection is part of a various vein operation and 
involves ligating vessels supplying the saphenal vein. This surgical procedure is 
described in detail in chapter 3. The synthetic bench model of the sapheno-femoral 
junction (Limbs&Things Ltd, Bristol, UK; described in chapter 3) was selected. It 
can be used for simulating an unexpected bleeding from the femoral vein, which 
represents a major surgical crisis. The model was attached to a resuscitation 
mannequin (Resusci-Annie, Laerdl, UK) representing the anaesthetized patient on the 
operating table. The mannequin was covered in sterile operating theatre drapes as a 
real patient for this surgical procedure. A picture of the final set up with the full 
operating team is proved in figure 5.1. 
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Figure 5.1. Simulated sapheno-femoral junction dissection in the simulated 
operating theatre at St Mary's Hospital, London 
Facilities 
The Simulated Operating Theatre (SOT) at St Mary's Hospital, London was used as 
experimental setting. Figure 5.2. depicts the facilities used for the simulation and the 
team members involved at the different stages of the experimental procedure for the 
SFJ simulation. The researcher controlled the simulated anaesthetic equipment from 
the room adjunct to the SOT and conducted all stages of the scenario including the 
observation of the surgeon's activities and that of the operating team, and initiation 
of the stressors during the non-crisis and crisis phases. The meeting room was used to 
consent the surgeon and to obtain questionnaire data before and after the simulation. 
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Timing Surgeon Team 
30 min Researchers'(CW, RJ) preparations: set up in SOT, control room and 
meeting room; 
Simulation equipment check: functioning of simulation software, monitors, 
microphones, operating theatre lights etc; availability of models and material 
30 min Arrive in meeting room wearing Arrive in the SOT wearing theatre 
theatre attire attire 
Consent and briefing (CW) 
Questionnaire data collection(CW) Briefing on scenario and roles (RJ) 
Complete set-up in theatre (RJ) 
40 min 
--------------------------------- SCENARIO STARTS ----------------------------- 
Roles: 
" anaesthetist 
" assistant 
" scrub nurse 
" circulating nurse 
" distractions person I 
" distractions person 2 
" consultant, available on phone. 
" Researcher (CW) - control room: control of anaesthetic display of 
pulse and blood pressure; run scenario: initiate stressors and crisis 
bleeding, phone calls to anaesthetist, troubleshooting etc 
--------------------------------- SCENARIO ENDS ------------------------------ 
15 Surgeon debriefed, Post-simulation Team debriefing (RJ) 
questionnaires data (CW) 
5 min Meeting of simulation team, surgeon, and researchers (CW, RJ) to dispel 
tension and resume normal personalities 
10 min Feedback interview (CW) Depart 
30 min Clear up SOT (CW, RJ) 
Figure 5.2. Action plan for the Sapheno-Femoral Junction dissection simulation in the 
Simulated Operating Theatre (SOT) at St Mary's Hospital, London. 
Simulated operating team and the research team 
The simulated operating team6 consisted of a surgeon, an anaesthetist, a scrub nurse, 
a circulating nurse, a surgical assistant, and a consultant available on the phone; two 
people who acted as `distracters' during the scenario were also required. Two 
researchers conducted the briefings and debriefings of the simulation team and the 
6 Rosenrund Jacklin. Shabnam Undre. Stephen Do\\set. Peirs Thomas, and Shirle\ Martin collaborated on this 
study. 
1) 
surgeon separately. In this feasibility study, researchers with clinical expertise 
collaborated on the development of a realistic and sophisticated simulation design. 
Two surgical research fellows volunteered to collaborate on these three pilot 
simulations. One of which (RJ) collaborated on the development of the scenario 
providing expertise on the clinical aspects of this procedure, and help with the setting 
up the model realistically, and performing the team briefings and debriefings. 
Further, she acted as `nurse' during `Disturbance 2' of the scenario. The other clinical 
research fellow acted as anaesthetist during the simulation (SU). A technician of the 
research department (SD), an operating theatre nurse at St Mary's hospital (SM), and 
a medical student (PT) volunteered as members of the simulation team. 
5.2.2.3 Procedure 
The team briefing included clarifying the roles of the team members and information 
on the assumed patient, the scenario and the experimental action plan. At the end of 
the briefing, all team members were reminded to treat all information on the 
participating surgeons confidentially. 
Before starting the data collection and the simulation, the surgeons were informed of 
the type of simulated procedure. They received general information on the patient (65 
year old male) and his medical condition (stable angina on severe exertion only and 
hypertension which is controlled on medication). The surgeons were to assume to 
have consented this patient the day before. Further information on the team and the 
consultant were provided, including names, roles and experience levels. The 
surgeons received instructions on how to start the operation in the simulated theatre, 
e. g. to assume they had scrubbed and to use gloves and gown as in the real operating 
theatre environment, and that they could stop the simulation at any time (see 
participant information in appendix D). 
The SFJ simulation scenario consisted of two phases: a non-crisis and a crisis phase. 
These two phases were included in one simulation session. During the first phase, the 
operation was straightforward, but moderate stressors such as equipment problems, 
team work problems, and distractions were applied, one stressor at a time. Phase 2 of 
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the operation began with an unexpected bleeding as the major stressor. Following 
that, stressors equivalent to those used in Phase 1 were reapplied in order to create 
comparable experimental phases. The sequence of stressors in the two phases during 
the simulated operation were as follows: 
PHASE 1 
" Equipment problem: The correct equipment was not immediately available. 
" Disturbance 1: A technician looked for a piece of equipment (e. g. a lead). 
9 Disturbance 2: A surgeon from another theatre walks in and talks to the 
scrub nurse. 
" Poor assistance: The assistant is inexperienced and detailed instructions by 
the surgeon are required. 
" Anaesthetist's phone*: The anaesthetist has a conversation on the phone. 
" Time pressure*: The anaesthetist says that he has to leave on time today and 
gives reasons. 
PHASE 2 
" Haemorrhage from femoral vein begins 
" Equipment: The suction equipment is not working. 
" Disturbance 1: The technician looks for the equipment (e. g. lead) again. 
" Disturbance 2: The surgeon who walked in before returns and asks further 
questions. 
0 Poor assistance: The assistant requires detailed instructions by the surgeon. 
" Anaesthetist's phone*: The Anaesthetist has a second conversation on the 
phone. 
" Time pressure*: Time pressure from the anaesthetist is re-iterated. 
9 Consultant: If the surgeon seeks help and calls the consultant, who spoke to 
him in a critical tone and told him to carry on as he himself was busy at the 
time, he is informed by the consultant that if there was still a problem in 
about 15 minutes the consultant would come in to help. 
* these further stressors were added to the scenario following feedback from the 
first participant. 
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The timing of the application of the stressors was determined by the stage of the 
operation. In Phase 1, the equipment problem was a missing retractor and was 
relevant immediate after the incision. During dissection, Disturbance 1 was applied; 
after the ligation of the first tributary Disturbance 2 was applied; after ligating the 
second tributary, the anaesthetist spoke on the phone, followed by time pressure from 
the anaesthetist. After the ligation of the third tributary, the haemorrhage was 
simulated which is the beginning of Phase 2. During this phase, all stressors were 
repeated in the same order with 1 to 2 minutes time interval. Poor assistance was a 
general stress factor in both phases. The assistant was instructed to ask questions 
about the operation. The simulation was finished either when the bleeding was 
controlled or when the surgeon called the consultant. 
5.2.2.4 Measures and data collection 
In order to obtain information on the feasibility and acceptability of the simulation, 
brief individual feedback interviews were carried out with the participants. The 
surgeon's general experience with the simulation, their perception of stressors, and 
their own level of stress and realism were explored. The researcher recorded this 
information in the form of free text. In addition, interview 3 was recorded and 
transcribed verbatim. 
Realism ratings of the overall simulation and the model were assessed using rating 
scales from 0- 10 developed for this study and provided in appendix D. Self- 
assessments of stress were obtained before and after the simulation using a short 
version of the STAI (Marteau & Bekker, 1992, see appendix A). The level of 
challenge inherent in the characteristics of the simulation was rated by the surgeons 
using a scale from 0 to 10; this rating scale is also shown in appendix D. 
Technical feasibility and aspects concerning the team and resources became apparent 
in the process of performing the experiment. The observations were recorded. 
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5.2.2.5 Data analysis 
Individual ratings of stress and realism were summarised using the minimum and 
maximum values of these ratings. Individual changes of stress ratings from baseline 
to the simulation phase were explored. 
For the qualitative data analysis, main aspects of the surgeons' feedback were 
identified and summarised by the researcher. Selected verbatim quotations were 
provided as qualitative evidence of the feedback on important aspects of the 
simulation. 
Reflections of the researcher concerning technical feasibility, the team and resources 
were summarised by the researcher. 
5.2.3 Results 
5.2.3.1 Participants 
Three pilot simulations were carried out. The participants were two junior surgeons, 
i. e. Senior House Officers (SHOs), and one surgeon at senior trainee level, i. e. a 
Specialist Registrar (SpR). The emographic data are listed in table 5.1. 
Number of Years of Number of 
Simulation Gender Age 
Experience 
experience 
previously SFJ's 
level 
in surgery 
performed 
assisted SFJs 
I female 28 SHO 2.5 5 30 
2 male 28 SHO 33 15 
3 male 38 SpR 10 50 50 
Table 5.1. Demographic data of the participants of sapheno-femoral junction dissection 
simulations. 
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5.2.3.2 Feasibility 
Feasibility for the surgeon and the team 
The set up of this simulation in the SOT was feasible and the simulation team «-as 
able to carry out the planned scenario. The members of the simulated operating team 
were able to act in their roles and to perform clinical tasks as they would do in real 
life operations. All participating surgeons were able to perform this simulated 
operation. 
Technical feasibility 
Despite the sophisticated simulation set up, during all three simulations there were 
technical problems with implementing the main stressor, i. e. the bleeding from the 
femoral vein. During simulation 2 the blood-like fluid did not pour through the 
silicon tissue into the dissected operative field. Therefore, the simulation of the crisis 
was not possible and the data collection on stress levels referring to the crisis phase 
of the simulation was not applicable. During simulations 1 and 3 the bleeding 
occurred, though not exactly as planned. During simulation 1 only very little blood- 
like fluid poured out of the manipulated femoral vein into the model. During 
simulation 3 the bleeding stopped and then re-started when the surgeons began 
suturing the femoral vein to stop further bleeding. However, neither of these ways are 
representative characteristics of bleeding in real life. This limitation of the crisis 
simulation was determined by the available technology and the charaxteristis of the 
synthetic SFJ bench model. A more advanced technical system that allows more 
control over the flow if the blood-like fluid would be required to adequately address 
this issue. 
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Surgeons 'perceptions of sources of stress and stress levels 
All participants of these pilot simulations perceived the scenarios as stressful due to 
the factors that had been intended to add to their stress. 
In the interview feedback after the simulation, the surgeons reported the following: 
Surgeon 1 stated that the `skin' on top of the model was not fixed which was both 
stressful and unrealistic. She mentioned that the nurse and the assistant could have 
been more helpful. In this scenario the anaesthetist made many and caused 
distractions. Surgeon 1 felt disturbed, but was reluctant to communicate this. She 
would have perceived that "as a rather personal thing than a professional thing". 
This feedback was considered in the subsequent simulation. Distractions and time 
pressure by the anaesthetist were integrated in the scenarios. Furthermore, the set up 
of the synthetic model was improved. 
Surgeon 2 perceived the simulation as stressful due to his expectation of a crisis 
situation. In addition, he reported that the missing retractor, distractions and time 
pressure from the anaesthetist had contributed to the stressfulness of the situation. 
Surgeon 3 reported that stress mainly arose from a combination of the bleeding and 
several other stressors such as distractions and the lack of competence of the team. 
He perceived stress factors additional to the crisis as "overdone " and had considered 
stopping in the middle of the simulated operation. He reported: 
"I think this situation is too much, (laughs) ... 
When I was doing the operation I 
realised that you told me you can say 'stop, if I can't take it anymore. Once I did 
think about this. " 
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Surgeons 'perceptions of realism 
The surgeons reported the set up and the simulation scenario were very realistic. 
However, the crisis did not occur as a result of an action by the surgeon, which is 
unlikely for this particular surgical procedure. The sudden occurrence of the 
simulated bleeding and the atypical characteristics of the blood-flow through the 
model were perceived as unrealistic. This was reported by both surgeons who 
experienced the crisis simulation. Surgeon 3 reported: 
"The model is good, but / don't know what's the problem with this one, I sealed it a lot 
of times, but the bleeding was not stopped. ... 
And in a real situation you can always 
pack the gauze and there will be a clot mechanism to stop the bleeding, but I don't 
think it will work with this model. " 
The surgeons reported that part of the usual procedure of an operation was missing as 
they had not consent a patient. There was no real person to relate to, and the 
information which is usually provided in patient notes was not provided. Hence, the 
context of the surgeon's preparations for the operation was missing. 
Generally the simulation was perceived as a sophisticated and realistic framework. 
Nevertheless, unrealistic aspects as mentioned above were reported to lead to a 
reduced ability of the participants to respond as they would in real life. 
Resources 
A total number of 10 people were necessary to conduct these simulations. Finding 
volunteers as members of the simulated team was a major undertaking, particularly 
identifying medically trained staff for the role of the anaesthetist and the nurse. 
Moreover, collaborating with another researcher for briefing and debriefing the team 
was essential. 
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Realism ratings 
The realism of the overall simulation and the model were rated as moderate to high 
as shown in table 5.2. 
Simulation Experience level Realism of the 
Realism of the 
simulation synthetic model 
l SHO 54 
2 SHO 99 
3 SpR 84 
Range - 5-9 4-9 
Table 5.2. Overview of realism ratings for the sapheno-femoral junction 
dissection simulations; scale 0-10. 
Stress ratings 
All three participants perceived increased stress during the simulation compared to 
baseline stress levels. Surgeons 1 and 3 who experienced a simulated crisis showed 
elevated stress levels compared to the non-crisis phase as depicted in figures 5.3. The 
ratings of the stressfulness of the overall simulation are shown in figure 5.4. The 
stress inherent in pilot simulation one was rated as relatively low. After adjustments 
to optimise practicalities and the scenarios were made, the stressfulness of the 
following two pilot simulations was rated as high. However, subject 2 only 
experienced Phase 1 of the simulation scenario. 
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Figure 5.3. Ratings of stress (STAI) during during the sapheno-femoral junction dissection 
simulation. Measures were obtained at baseline (before the simulation), and immediately 
after the simulation referring to the non-crisis (Phase 1), and the crisis (Phase 2). There was 
no crisis phase during simulation 2. 
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Figure 5.4. Perceived 'stressfulness' of the sapheno-phernoral junction dissection 
simulation; scale 0- 10. 
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5.2.3.3 Discussion 
This feasibility study showed that the simulation design represented a realistic 
framework. The SFJ model was a suitable tool for conducting a simulated SFJ 
ligation. In the process of piloting the simulation, the scenario and technical aspects 
of the set up were adjusted and improved. The participants' stress levels were 
elevated in all 3 participants. The overall stress of the simulation scenarios was rated 
as high after adjustments had been made. The combination of the applied stressors 
was perceived as highly stressful. However, the qualitative feedback from the 
participating surgeons indicated a lack of acceptability of the external stress factors in 
the scenario, such as distractions and lack of support from the operating team. 
Furthermore, the available technology for simulating the bleeding from the femoral 
vein of the model was not reliable. In simulation 2 only the non-crisis phase could be 
performed. Moreover, the characteristics of the simulated bleeding lacked realism. 
In summary, the pilot study demonstrated the following advantages of the SFJ 
simulation design: 
" feasibility of the scenario for the team and the surgeon 
" sophisticated set up of the simulated surgical procedure 
" the applied stressors contributed to the perceived stress 
" stress levels increased during the simulation 
The disadvantages of this simulation included: 
" lack of reliability of the technology 
" lack of realism of the simulated crisis 
" missing context information about the `patient' 
" lack of acceptability 
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5.2.3.4 Conclusions 
The SFJ simulations were not considered as tool for a full scale study investigating 
stress during surgery. However, the findings from this pilot study raised various 
issues which were essential for developing a more suitable simulation design. For 
subsequent simulations a different type of technology needed to be applied. A more 
realistic and reliable simulation of a surgical crisis was essential. Moreover, a 
suitable context including the surgeons' preparations for this simulated procedure 
needed to be created. Therefore, patient information notes needed to be provided for 
the surgeon before the operation, and the surgeons had to be given the opportunity to 
consent a simulated patient. Instead of applying a range of external stress factors 
which lack acceptability, a surgical procedure which entailed a greater technical 
challenge was considered. Furthermore, funding for staff participating as members of 
the simulated operating team was required. The simulation team should be reduced to 
the members with a key role, i. e. the anaesthetist, the surgical assistant and the nurse. 
In addition, long-term collaboration with a surgical research team was vital to 
facilitate the development and implementation of a full study. 
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5.3 Feasibility study 2: Simulated laparoscopic cholecystectomy 
5.3.1 Background and objective 
The findings of the SFJ fealisibility study were taken into consideration for the 
development of an alternative simulation design. An advanced surgical procedure, 
i. e. a laparoscopic cholecystectomy (LC) was selected as simulated operation and a 
sophisticated simulation technology was used. Laparoscopic procedures are 
technically and ergonomically more challenging than open surgery (e. g. Bohm et al., 
2001; Vereczkei et al., 2004). A novel virtual reality simulation technique allowed 
varying simulation scenarios with the use of specific software. Other than in the SFJ 
simulation scenario, the aim was to elicit a stress response from the challenging 
characteristic of the surgical task rather than from external distractions. A more 
contextualised design including simulated patients was developed in collaboration 
with researchers with expertise in surgery and simulated patient training. The 
objective of this pilot study was to test the feasibility of the LC simulation as a tool 
for intra-operative stress assessment. 
5.3.2 Methods 
5.3.2.1 Participant recruitment 
Surgeons considering or already pursuing a career in general surgery were recruited. 
The previous experience of attending a laparoscopic cholesystectomy as surgical 
assistant or primary surgeon was a requirement for participation. The participants 
were volunteers and were recruited in the Department of Biosurgery and Surgical 
Technology. The recruitment information is provided in appendix D. Informed 
consent was obtained from all participants. 
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5.3.2.2 Materials 
Virtual reality simulation integrated in the SOT environment 
A laparoscopic cholecystectomy7, an operation to remove the gallbladder, was chosen 
as simulated surgical procedure. The operation requires meticulous dissection and 
concentration. This surgical procedure entails a risk of injury of the common bile 
duct and complications requiring conversion to open surgery. 
A high-fidelity virtual reality simulator (Lapmentor, Simbionix Corporation, 
Cleveland, OH, USA) 8 was used. The simulator was set up in the SOT as shown in 
figure 5.5. It was placed into the space previously occupied by the operating table. A 
synthetic head and limbs from a resuscitation mannequin (Resusci-Annie, Laerdl, 
UK) were fixed into position at either end of the virtual abdomen. The area around 
the laparoscopic tools was covered in synthetic skin (Limbs and Things, Bristol, UK) 
and the simulator covered in sterile operating drapes. Then a genuine laparoscopic 
stack (Karl Storz Endoscopy Limited, Slough, England) was placed next to this 
equiment. The monitor of the laparoscopic stack was connected to the simulator. The 
surgeon used the two laparoscopic handles of the simulated laparoscopic instruments. 
The third handle was the camera port which was used by the surgical assistant to 
control the position of the camera within the virtual abdomen. Figure 5.6 shows the 
final set up of this simulation. 
7 A detailed description of laparoscopic cholecý stectomy is provided in chapter 3. 
8 The N irtual reality simulator (Lapmentor, Simbionix Corporation, Cleveland, OH, USA) is described and 
depicted in chapter 3. 
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Figure 5.5. Set up of the virtual reality simulator (Lapmentor, Simbionix 
Corporation, Cleveland, OH, USA) in the Simulated Operating Theatre at 
St Mary's Hospital London for simulated laparoscopic cholecystectomy. 
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Figure 5.6. Surgeon and surgical assistant performing a simulated laparoscopic 
cholecystectomy in the Simulated Operating Theatre at St Mary's Hospital, London. 
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Research team and simulated operating team 
The research team9 included two surgical research fellows (RJ and RA) who 
collaborated on the development of the scenarios, the clinical set up of the simulation 
and the actor training for the roles of the patient and the anaesthetist. A 
communication expert (DN) also contributed to this actor training. During the 
simulation, one of the surgical researchers (RA) acted as circulating nurse and as 
trouble shooter in case of technical problems with the simulation equipment. A 
medical student (PT) acted as surgical assistant. 
5.3.2.3 Procedure 
In order to ensure the contextualisation of the simulation, all surgeons were asked to 
attend in operating room attire. Comprehensive patient information was provided in 
the form of patient notes. As in the previous study, the participants received 
information on the simulated operating team, i. e. names, roles and level of 
experience and instructions how to start the simulated case, that he can call the 
consultant and that they could finish the simulation at any time (see participant 
information in appendix D). Two research fellows (CW and RJ) were available to 
clarify questions if necessary. 
The timing of the simulation was similar to the simulated SFJ. The action plan of the 
experiment was the same as for the SFJ simulation, outlined in figure 5.1. Only the 
consent procedure with the simulated patient was included as additional task. It was 
carried out in the meeting room after the surgeon had filled in the questionnaires on 
stress and demographic data, before they started the simulated operation. The patient 
consent procedure lasted for approximately 10 minutes. 
The collaborating researchers on this study were Rosemund Jacklin. Raj Aggarwal, Dr Debra Nestel and Piers 
Thomas. 
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Simulated laparoscopic cholecystectomy scenarios 
In this pilot study two simulation scenarios with a different level of challenge were 
tested. Less experienced surgeons performed the procedure on a `patient' with a 
diagnosis of biliary colic. In addition to the ergonomic challenge by laparoscopic 
equipment, slightly atypical anatomy was simulated. Careful dissection was required 
to be able to identify all relevant anatomical structures with certainty and to decide 
the next steps of the operation. For experienced surgeons a more advanced scenario 
was developed. They operated on a `patient' who had a prior episode of cholecystitis, 
presenting a higher level of technical challenge. In all simulations, the camera holder 
(surgical assistant) was inexperienced. He had previously observed but not 
participated in laparoscopic procedures. Furthermore, the virtual reality simulator 
would be able to recognise surgical errors. For example, if the surgeon injured 
anatomical structures the simulator would display bleeding. External stressors such 
as distractions or equipment problems were not applied, as in the previous pilot 
sessions those led to a reduced acceptability of the scenario. 
The simulated operation started at the stage where the abdomen had been inflated 
with carbon dioxide and the laparoscopic equipment was in place. The first operative 
step for the surgeon was to identify the anatomic structures displayed on the screen 
and to grasp the gallbladder with the already inserted instruments. The operation was 
finished when the gallbladder was removed, the surgeon asked for help from the 
consultant or to convert to open surgery. 
5.3.2.4 Measures and data collection 
In order to obtain information on the feasibility and acceptability of the simulation, 
brief individual feedback interviews were carried out with the participants. The 
surgeon's general experience with the simulation, their perception of stressors, and 
their own level of stress and realism were explored. The researcher recorded this 
information in the form of free text. 
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The surgeons rated the realism and their perceived stress levels during the simulation 
using the rating scales from 0- 10 (see appendix D). These were developed for this 
research and included items specific to the use of the virtual reality simulator and the 
simulated patient. 
Self-assessments of stress were obtained before and after the simulation using a short 
version of the STAI (Marteau & Bekker, 1992). The level of challenge inherent in the 
characteristics of the simulation was rated by the surgeons using a scale from 0 to 10; 
this rating scale is shown in appendix D. 
Technical feasibility and aspects concerning the team and resources became apparent 
in the process of performing the experiment. The observations were recorded by the 
researcher. 
5.3.2.5 Data analysis 
Ratings of stress and realism were all tested for normal distribution. The data were 
analysed using descriptive statistics, i. e. mean and standard deviation or median and 
range. In addition, individual values are provided. All statistical calculations were 
performed using SPSS software. 
The qualitative data were obtained in form of lab book notes. Main aspects of the 
surgeons' feedback were identified and summarised. 
The technical and feasibility aspects involving the team and resource became 
apparent in the process of performing the experiment. The researcher kept a record of 
this information in form of free text and summarised the findings. 
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5.3.3 Results 
5.3.3.1 Participants 
Eight simulations with surgeons at varying level of experience (3 to 14 years of 
experience in surgery; 0 to 100 performed laparoscopic cholecystectomies, median = 
5; 20 to 60 of these operations assisted, median = 37.5) were performed. All 
participants were specialised or intended to specialise in general surgery. 
Demographic data are provided in table 5.3. 
Subject Gender Age Experience 
level 
Year of surgical 
experience 
Perfromed 
LCs 
Assisted 
LCs 
Junior surgeons 
I female 32 SHO 3 12 35 
2 male 28 SHO 3 5 30 
3 male 29 SHO 3 0 20 
4 male 28 SHO 4 0 60 
5 male 29 SHO 4 5 25 
6 male 30 SpR 5 3 40 
Median 29 3.5 4 33 
Range 28-32 3-5 0-12 20-60 
Senior surgeons 
7 male 34 SpR 8 50 50 
8 male 37 Consultant 14 100 60 
Total 
Median 29.5 3.5 5 37.5 
Range 28-39 3-14 0-100 0-60 
Table 5.3. Overview of demographic data of the participants. 
The surgeons who performed the scenario for junior surgeons had an experience level 
ranging from 3 to 5 years in surgery (median = 3.5) and have performed between 0 
and 12 (median = 4) laparosocopic cholecystectomies as primary surgeon, and 
assisted at 20 to 60 (median = 33) of these operations. 
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There were two experienced surgeons, who had 8 and 14 years of experience in 
surgery. One of them was a senior SpR and the more experienced one was a junior 
consultant. They had performed 50 and 100 LCs before, and had assisted 50 and 60 
of these cases. 
5.3.3.2 Interview feedback 
The surgeons reported a generally positive experience of the simulations. However, 
they mentioned a lack of realism due to the ergonomic aspects of the laparoscopic 
virtual reality simulator, i. e. the position of the laparoscopic handles and 
characteristics of the laparoscopic instruments. Moreover, the virtual reality 
simulator was unreliable as reported above under `technical feasibility'. The software 
did not continuously respond as expected so that the surgeon was unable to grasp the 
displayed tissue structures. On some occasions the software had to be re-started and 
the operation was interrupted for that time. Despite the complex set up and the 
advanced operative scenario the surgeons reported that they perceived the simulation 
"like a computer game " (surgeon 3) using this LC simulation technology. The virtual 
reality simulators are known to surgeons from their training on technical skills. They 
have been used as an isolated exercise tools. Hence, using the same technology - 
despite integrating it in the SOT environment - the surgeons felt aware of the fact that 
this was a simulation. Junior as well as senior surgeons reported that they felt unable 
to link the patient consent procedure to the virtual reality simulation. 
5.3.3.3 Resources 
The simulation team including a surgeon, a camera holder and a simulated 
anaesthetist was smaller than during the SFJ simulation team. The experimental 
procedure was less complex and collaboration of three research fellows allowed a 
better flow of actions and easier organisation of the simulation. All eight simulations 
were carried out within two days. Moreover, another research team which trained the 
actors for their roles as simulated patient and simulated anaesthetist collaborated on 
this. This collaboration would have enabled to carry out a larger study. 
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5.3.3.4 Technical feasibility 
The virtual reality simulator provided flexibility for creating different scenarios with 
varying anatomical structures. It provided a haptic feedback for the surgeons 
interaction with the simulated tissue and recognised surgical errors. This 
sophisticated technology allowed the simulation of complex operations. 
Nevertheless, this new simulation device consisted of sensitive technology and a 
new, less robust software. During three simulations, the simulator did not allow 
certain intended actions of the surgeon, e. g. grasping tissue, and the instruments were 
limited in their rotation angle. During two sessions, the software had to be restarted 
during the simulated operation which caused an interruption of the case. These 
technical issues affected the realism of the simulation. However, despite these 
limitations it was still possible to perform the planned simulated scenarios with this 
technology and with the simulated operating team. 
5.3.3.5 Stress levels 
The findings on perceived stress responses (STAI ratings, scale from 6 to 24) and the 
stressfulness of the simulated operation rated on a scale from 0 to 10 are provided in 
table 5.4 and are depicted in figure 5.9. 
STAI baseline STAI simulation Stressfulness 
Mean 13.6 12.5 4.4 
Standard deviation 4.4 2.9 2.2 
Minimum 691 
Maximum 18 17 7 
Table 5.4. Stress ratings referring to the simulated laparoscopic cholesystectomy. Surgeons 
response before (STAI baseline') and during ('STAI simulation') the simulation and to the 
`stressfulness' of the simulated operation are provided 
The individual data on STAI ratings during the junior scenario show that stress 
increased in 50% of the surgeons during the simulation whereas it decreased in 50% 
of the participants compared with the individual baseline stress levels. However, the 
minimum stress level during the simulation was reported as a score of 10 which can 
be regarded as an elevated stress level. Similar results were found for the more 
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complex scenario performed by the two experienced surgeons. The surgeon at SpR 
level showed increased stress during the simulation, whereas the stress levels of the 
surgeon at consultant level diminished (see figure 5.7). The junior surgeons rated the 
performed scenario as moderately stressful, ranging from 3 to 7, median = 5, on a 
scale from 0 to 10, where 0 indicated `not at all stressful' and 10 indicated `totally 
stressful'. 
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Figure 5.7. STAI rating at baseline (phase l) and simulation time (phase 2); junior 
surgeons: subjects I to 6; senior surgeons subjects 7 and 8. 
The complexity of the scenario was matched to the participants' experience level so 
that the scenario would be challenging to all participants. The results on the 
perceived stress during the simulation show a trend of a relationship of number of 
previously performed LCs and stress. When junior surgeons with a comparable level 
of experience were grouped together and the mean was calculated for the subgroups, 
as shown in table 5.5. this trend became evident. The means of the STAI and the 
perceived stressfulness are shown in figure 5.8. A similar pattern of reduced stress 
levels by the more experienced surgeons was found for the advanced simulation 
scenario. These results suggest that the adjustment of the scenario to the experience 
level of the surgeons needs to be more differentiated. Moreover, the scenarios for a 
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full scale study need to represent a higher challenge as the stress ratings in these pilot 
simulations are only low to moderate. 
Subjects 
Experience groups Mean of ratings of Mean of STAI 
(number of LCs) 
stressfulness ratings 
3,4 06 14 
2,5,6 3-5 4 13.3 
1 12 3 10 
Table 5.5. Grouping of junior surgeons according to their experience of previously 
performed laparoscopic cholecystectomies (LCs) and group means of stress ratings. 
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Figure 5.8. Groups of surgical experience: means of ratings of `stressfulness' of the 
simulation and of STAI ratings; junior surgeons were allocated to three experience 
groups: n(group 1) = 2, n(group 2) = 3, n(group 3) = 1; groups were defined by the 
number of previously performed laparoscopic cholecystetomies. 
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5.3.3.6 Realism ratings 
The realism ratings are displayed in table 5.6. The global realism of the procedure 
was rated as moderate to high (M = 7.0, SD = 1.6). The virtual reality simulation 
equipment (M = 5.4, SD = 2.6) and of the positioning of the mannequin, monitor and 
the laparoscopic equipment were rated as moderately realistic (overall subjects: M= 
6.5, SD = 2.2). The behaviour of the simulated tissue was rated the lowest (M = 4.8, 
SD = 2.3). The realism of the simulated team as moderate to high (overall subjects: 
M=7.5, SD = 1.6), and the simulated patients during the simulated consent 
procedure prior to the simulated operation as very high (M = 9.0, SD = 0.9). The 
realism of the scenario for junior surgeons was rated ranging from 7 to 9 (median = 
7.5), the senior surgeons rated the realism of the scenario at 6 and 8, which is similar 
to the ratings of the scenario for junior surgeons. 
Evaluated aspects of realism Mean 
Standard 
deviation 
Global realism of the simulation 7.0 1.6 
Realism of the virtual reality simulation equipment 5.4 2.6 
Realism of positioning of the mannequin, monitor and 
6.5 2.2 
the laparoscopic equipment 
Realism of the behaviour of the simulated tissue 4.8 2.3 
Realism of the simulated team 7.5 1.6 
Realism of simulated patient consent procedure 9.0 0.9 
Table 5.6. Realism ratings of the simulated laparoscopic cholecystectomy; means and 
standard deviations calculated over all participants (n = 8). 
5.3.4 Discussion 
The virtual reality simulation technology provided the opportunity to simulate 
different scenarios including operative crises with the help of novel technology. The 
collaboration of the three research teams with expertise in psychology, surgery and 
medical education facilitated a full scale study, including the funding for simulated 
patients and a simulated operating team. However, the perceived stress was rated as 
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low to moderate. Despite the intention to match level of experience and challenge of 
the scenario. the simulated scenarios were not sufficiently stressful for all participants 
of this pilot study. These findings suggest that the adjustment of the scenario to the 
participants' experience in surgery need to be differentiated further. Hence, for a full 
study more scenarios would need to be developed. The disadvantage of many 
variations would be the lack of comparability of the simulation. 
Although the context of the simulation, i. e. the SOT environment and the simulated 
patients, were perceived as highly realistic, the set up of the virtual reality simulator 
into the SOT environment has not been perceived as a coherent and realistic unit. 
Therefore the laparoscopic virtual reality technology failed to meet the intended 
requirement of providing a contextualised high fidelity simulation. 
5.3.5 Conclusions 
The simulated laparoscopic cholecystectomy was not sufficiently challenging, in 
particular for experienced surgeons. Moreover, various aspects of this simulation 
design impeded the perceived realism. The most problematic aspect of this 
simulation was the poor reliability of the virtual reality simulation technology. 
Therefore, due to this practical problem as well as lacking validity as a stress research 
tool, this simulation design was considered to be unsuitable for a full study 
investigating stress in surgeons. 
For a future study a more advanced surgical procedure needed to be simulated in 
order to elevate stress levels in surgeons at all levels of experience. A realistic set up 
is required which would convince the surgeons that the operation is performed on a 
`patient'. The simulated procedure needed to be perceived as integrated in the whole 
context of an operation in the SOT environment. 
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5.4 Feasibility study 3: Simulated carotid endarterectomy 
5.4.1 Background and objective 
The aim of this study was to test the feasibility of the simulation of a more advanced 
surgical procedure using robust and reliable simulation technology. A simulation 
design using carotid endarterectomy (CEA) under local anaesthesia was developed. 
This advanced procedure is technically challenging and involves a high risk of 
complications' 0. In this simulation design used simple synthetic model and allowed 
simulated patients to be included in the intra-operative phase under local anaesthesia. 
In collaboration with a vascular surgeon a non-crisis and a crisis scenario was created 
and its suitability as a stress research tool was evaluated. 
5.4.2 Methods 
5.4.2.1 Recruitment 
The participants were volunteers recruited from the departments of the Regional 
Vascular Unit, St Mary's Hospital, London and the Department of Biosurgery and 
surgical Technology, Imperial College London. Surgeons with previous experience in 
vascular surgery were invited to participate. The recruitment information is provided 
in appendix D. Informed consent was obtained from all participants. 
5.4.2.2 Materials 
Simulation design 
CEA is a procedure in vascular surgery, carried out to remove plaque (fatty deposits) 
from the carotid artery supplying the brain. The operation involves the risk of intra- 
operative stroke, and places the surgeon under time pressure. In collaboration" with 
10 Carotid endarterectom. under local anesthesia is described in detail in chapter 3. 
The collaborating researchers on this study were Mr Stephen Black. Rachael Harris, Emma Horrocks. 
Catherine Nicholson and Dr Debra Nestel. 
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a vascular surgeon (SB) and the surgical education research group an innov, ativ*e 
approach to procedural scenarios was developed, using a combination of trained 
actors as SPs (Black et al., 2006) and benchtop models (Black et al., 2007). In this 
study the simulated patient (SP) was positioned on the operating table and placed a 
commercially available CEA model (Limbs & Things, Bristol, UK) on their neck to 
create the illusion that the surgeon would operate on the SP, but was in fact 
`operating' on the synthetic model. The surgeon was therefore able to interact with 
the `patient', who was hidden from view by a `sterile' screen as in real theatre as 
shown see figure 5.9. 
Figure 5.9. Simulated carotid endarterectomy with a simulated 
patient under local anaesthesia; the surgeon and the surgical 
assistant are operating on the synthetic model attached to 
simulated patient's neck, draped as operative field. 
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Simulated operating team and research team 
The team included two researchers, a psychologist (CW) and a clinical research 
fellow specialised in vascular surgery (SB) using this simulation for obtaining data 
on surgical skills in the SOT. Two medical students acted as surgical assistants (RH, 
EH). Three professional actors played the role of the simulated anaesthetist and the 
two simulated patients. Junior nurses at St Mary's Hospital participated in the 
simulation as part of her training. 
5.4.2.3 Procedure 
CEA simulation scenarios 
Two scenarios were developed: a straightforward CEA without complications, and a 
crisis simulation including bradycardia and stroke (using a different SP per scenario). 
A stroke can occur spontaneously during CEA and does not necessarily arise as a 
result of action by the surgeon and is therefore particularly suitable to provide a 
standardised scenario. 
Pre-operatively, the surgeon was given the clinical documentation relating to the SP 
(i. e. case notes, results of duplex scan of the carotids, MRI scan of the Circle of 
Willis), and then gained consent for the operation. This provided the context for the 
procedure and an opportunity for the surgeon to establish a relationship with the 
'patient'. 
Each simulation started at the stage where the carotid artery had been dissected. After 
the surgeon had consented the SP they entered the SOT and used sterile gowns and 
gloves and then started the operation with applying slings to stabilise the artery, 
followed by applying vascular clamps to stop the blood flow to be able to make an 
incision into the carotid artery, followed by opening the artery and removing the 
plaque. After that the artery was closed using a small needle for suturing. The 
simulation was finished when the surgeon then removed the clamps and the slings. 
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The crisis scenario included included the following events: 
i) a severe bradycardia due to stimulation of the carotid body related to the 
application of slings. The surgeon was required to recognise the incident, 
identify the cause of the problem, communicate with the team, and then 
inject Lignocaine to block the carotid body and reverse the bradycardia. 
Depending on the surgeons' action the heart rate on the anaesthetic 
display was altered by the researcher in the control room. 
ii) A stroke (3 minutes after clamping), the symptoms of which were 
demonstrated by the SP. At the same time the anaesthetic equipment 
showed a significant increase in the patient's heart rate and blood 
pressure. After successful shunt insertion by the surgeon the SP 
`recovered' from the acute crisis. 
iii) Shunt dislodgement by the surgical assistant which lead to the reoccurrence 
of ischemic symptoms of the SP until the shunt was reinserted. 
iv) On removal of the shunt to complete the closure of the vessel another stroke 
was simulated to create further time pressure for the surgeon. At this stage 
the appropriate response would be to finish suturing as quickly as possible 
to be able to remove the clamps and restore blood flow to the brain. When 
the surgeons completed this task the SPs showed full recovery from the 
acute crisis. The second crisis was activated 3 minutes after clamping the 
internal carotid artery. 
The characteristics of this procedure meet the criteria of the selection of stress factors 
for the simulation. In both scenarios crisis and non-crisis, the surgical assistant 
played the role of one who was inexperienced, unable to anticipate any of the steps of 
the operation, and so requiring clear instructions from the surgeon. The assistant was 
instructed to dislodge the shunt `accidentally' after the surgeon had controlled the 
crisis. An example of this episode is provided in form of a video extract in appendix 
H. All other stressors included in this simulation design were mainly due the nature 
of this surgical procedure. It involved a high technical challenge, time pressure, high 
risk of complications with severe consequences for the patient, and communication 
with a conscious patient throughout the procedure. In the crisis scenario, additionally 
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quick decision making, effective team communication and efficient technical 
performance was required. 
Experimental schedule 
The surgeons were instructed to arrive in operating theatre attire. To start with, the 
surgeon was informed about the content of this research, the planned schedule, the 
simulated operating team, and two simulated patients (see participant information in 
appendix D). The clinical research fellow showed and explained the characteristics of 
the model representing the operative field and answered questions regarding the 
patient or technical aspects of the operation if necessary. Then they filled in the 
questionnaires on stress and demographic data (see appendix D) and consented both 
SPs. After that the surgeon entered the SOT, assumed to be scrubbed up, and started 
the first simulated CEA, which was always a non-crisis scenario. After that they left 
the operating theatre to fill in questionnaires in the meeting room and to rest until the 
SOT was set up for the second simulation with SP2. Then they performed the 
simulation with the crisis scenario. Afterwards they filled in questionnaires and an 
individual interview was carried out in the meeting room. An overview of the 
experimental action plan is provided in figure 5.10. 
The development of this complex simulation started with 4 simulations where only 
the CEA crisis scenario was tested. Simulated patients were not involved at that 
stage. The surgeon did not consent the simulated patient but received patient notes as 
information. They were told that the `patient' had been anaesthetised and operated on 
the model set up on the mannequin in that had also been used for the SFJ simulation. 
The crisis was simulated using the changes in the anaesthetic equipment, i. e. the 
simulated changes in the `patient's' heart rate and blood pressure. The crisis could be 
identified from the sound of the `beep' representing the `patient's' heart rate and 
from the display of the anaesthetic equipment. The role of the anaesthetist was 
conducted by a medical student. Once the SPs were introduced in the pilot 
simulations, the full schedule for both crisis and non-crisis scenarios were performed. 
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Time Surgeon Team 
30 min Researchers'(CW, SB) preparations: set up in SOT, control room and meeting room; 
Simulation equipment check: functioning of simulation software, monitors, 
microphones, operating theatre lights etc; availability of models and material 
15 min Arrive in scrubs Arrive in scrubs. Team briefing on 
Baseline measures and initial scenario and roles. Complete set-up of 
questionnaires in meeting room (CW) SOT (SB) 
15 min Consent with SP I 
15 min Consent with SP2 Set up of SP1 in SOT 
40 min 
-----------------------------NON-CRISIS SCENARIO STARTS --------------------------- 
Roles: 
" Simulated anaesthetist 
" Simulated Patient l 
" assistant 
" scrub nurse 
" consultant, available on phone (SB) 
Researchers (CW, SB) - control room: initiating crisis, assessing 
timing, surgical skills and general observation 
----------------------------NON-CRISIS SCENARIO ENDS ------------------------ 
15 min Post-simulation questionnaires in meeting Set up SP2 in SOT (SB) 
room (CW) 
40 min 
---------------------------------CRISIS SCENARIO STARTS ------------------------------- 
Roles: 
" Simulated anaesthetist 
" Simulated Patient 2 
" assistant 
" scrub nurse 
" consultant, available on phone (SB) 
Researchers (CW, SB) - control room: initiating crisis, assessing 
timing, surgical skills and general observation 
------------------------------ CRISIS SCENARIO ENDS ----------------------------- 
20 min Post-simulation questionnaires and interview Clearing SOT 
with surgeon in meeting room (CW) 
15 min Clearing meeting room and control room 
Figure 5.10. Overview of experimental action plan for simulated CEA. 
5.4.2.4 Measures and data collection 
In order to obtain information on the feasibility and acceptability of the simulation, 
brief individual feedback interviews were carried out with the participants. The 
surgeon's general experience with the simulation, their perception of stressors, and 
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their own level of stress and realism were explored. The interviews were audio 
recorded using a digital recording device. 
The surgeons rated the realism of the simulation using rating scales developed for 
this study which are shown in appendix D. 
Self-assessments of stress were obtained before and after the simulation using a short 
version of the STAI (Marteau & Bekker, 1992; see appendix A). The level of 
challenge inherent in the characteristics of the simulation was rated by the surgeons 
using a scale from 0 to 10 (see appendix D). 
The feasibility of this simulation framework for investigating physiological indicators 
of surgeons' stress was tested. When the final simulation design was developed, the 
assessment of heart rate, heart rate variability measures and salivary cortisol was 
integrated in the experimental process. The cardiovascular measures were obtained 
during a5 minute resting time before the simulation and throughout the simulations 
using a wireless recording device (S801 i, Polar, Kempele, Finland). The minimum 
heart rate at baseline assessment before the simulations and the maximum heart rate 
during each of the CEA simulation scenarios were obtained using Polar Precision 
Software (Polar, Kempele, Finland). This software also provided measures of heart 
rate variability. These measures are described in more detail in chapter 3. The time of 
the day of the resting time before the simulation for baseline assessment, and the time 
of the beginning and the end of each simulation scenario (i. e. from the application of 
slings to removal of slings after closure of the artery) were recorded in order to 
extract the heart rate data for the defined time frame. 
Salivary cortisol was obtained using sterile cotton wool swabs which the surgeon 
chewed for one minute and were then stored in small plastic containers (Salivettes, 
Sarstedt, Nuembrecht, Germany). Saliva samples were obtained to measure stress 
levels during the simulation, and were assessed after the simulated operation, i. e. 35 
minutes after the start of the simulation. The cortisol concentration in saliva was 
determined using a commercial immunoassay, i. e. the Cortisol Luminescence 
Immunoassay (LIA) manufactured by IBL Immuno Biological Laboratories, 
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Hamburg, Germany. More detailed information on the cortisol analysis procedure is 
provided in chapter 3. 
The data on heart rate, heart rate variability and salivary cortisol were collected to 
test the process of data collection for feasibility and validity only, but not for 
interpretation at this stage. Aspects regarding the technical feasibility of the 
simulation, the team and resources became apparent in the process of performing the 
experiment. The observations were recorded in form of free text. 
5.4.2.5 Data analysis 
Individual values of the ratings of perceived stress and realism were used and 
summarised using range and median of these ratings. Individual changes of stress 
ratings from baseline to the simulation phase were explored. All statistical 
calculations were performed using SPSS software. 
The observations of aspects of the technical feasibility of the simulation and the 
implementation of psychophysiological measures were summarised. The audio 
recorded interview feedback was transcribed verbatim. Key themes were identified 
and summarised. 
5.4.3 Results 
5.4.3.1 Piloting process 
The simulation development process included three stages. In pilot phase 1, only the 
non-crisis scenario was tested, and in pilot phase 2, the crisis scenario was 
established. The timings of the crisis elements were optimised and the simulated 
operating team settled in their roles. One Phase 1 simulation and three Phase 2 
simulations were performed. In Pilot phase 3, the simulated patients were introduced 
in the scenario and three full scale simulations including a non-crisis and a crisis 
scenario were performed. In total, seven surgeons participated in this study and ten 
simulations were carried out. 
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5.4.3.2 Subjects 
Seven surgeons ranging from the levels of SHO to senior SpR participated in the 
CEA pilot simulations. All SpRs were specialised on vascular surgery. An overview 
of the demographic data and experience in surgery of the participants is provided in 
table 5.7. 
Experience Years in Performe Assisted Pilot 
Surgeon Gender Age 
level surgery d CEAs CEAs phase 
1 male 32 SpR 6 2 17 1 
2 male 33 SpR 5 0 3 2 
3 male 35 SpR 11 10 30 2 
4 male 39 SpR 12 2 100 2 
5 female 27 SHO 3 0 0 3 
6 male 29 SHO 5 0 0 3 
7 male 27 SHO 4 0 25 3 
Table 5.7. Overview of demographic data and surgical experience of the participants of the 
CEA pilot simulations. The development process of the simulation design is indicated by 
phases 1 to 3. 
5.4.3.3 Interview feedback 
The surgeons' responses to these simulations were very positive. They reported that 
they perceived the simulation as highly realistic and compelling. They emphasised 
that in particular the presence of a simulated patient under local anaesthesia 
contributed to the quality of this simulation design. The team was perceived as being 
generally supportive and realistic too. However, the lack of experience of the surgical 
assistant and the nurse were mentioned as suboptimal circumstances. The 
characteristics of the model were judged as less realistic. However, this did not 
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prevent the perception of the simulated operation as contextualised or reduce the 
perceived challenge, as demonstrated in the following quotations: 
"lt was good, yeah quite realistic ...... 
It felt a bit like doing a carotid, and certainly with 
the anaesthetist talking to you, with that excellent scrub nurse helping, and the 
medical student who knew more than he was letting on, it was quite good. " (Surgeon 
4) 
"I thought it was very good actually. The model is not brilliant but the rest of it is very 
realistic. Uhhhm ... 
Obviously you would have a sucker and a few other bits and 
pieces that weren't available. But other than that it is perfectly reasonable. I mean 
the actual concept of the way it is dressed up, draped and lights and assistance 
across the table and things are very similar. " (Surgeon 7) 
Both simulations, the non-crisis and the crisis scenario, were reported to be 
challenging. The stress was reported to have arisen from the crisis and the high risk 
situation for the simulated patient, the technical challenge of the procedure and the 
time pressure. The lack of experience of the team members was also reported to be a 
factor that contributed to the stress during this simulation. The following statements 
illustrate these findings: 
" What 1 found stressful was the fact that he [the SP] needed a shunt and he was just 
stroking out and the heart rate was going up and his blood pressure was going up 
and / just thought / am going to lose him in a minute. So /just did it very quickly, but 
think in the process of doing it very quickly 1 might have not removed all of the 
plaque, but we will find out if he gets a stroke after the operation. " (Surgeon 5) 
"The challenging bit is putting the shunt in and taking the shunt out. Because that's 
technically the most difficult, I mean it's not really much of a challenge, but ... you're 
pushing it in and taking it out in a situation where you have a patient who has a 
neurological deficit, so you know you have to do it against time. " (Surgeon 7) 
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5.4.3.4 Stress ratings 
An overview of the stress ratings is provided in table 5.8. The data of simulation 2 to 
7 are shown in figures 5.11 to 5.14. The non-crisis simulations were rated as less 
stressful than the crisis simulations; only a small increase of stress level compared to 
the baseline stress level was found. The crisis simulation was perceived as 
moderately to highly stressful, and stress levels increased even in the phase 2 
simulations, when the simulated patients were not included in the scenario yet. The 
only reduction in stress was observed during a phase 2 pilot simulation with a 
surgeon at senior SpR level. He rated his own stress response at 6, the minimum of 
the STAI scale, indicating no stress response. However, he rated the level of 
challenge entailed in this simulated procedure at 8 on the scale from 0 to 10. On 
further exploration of his perceptions of stress he reported to have performed a high 
risk emergency operation before he attended the simulation. His STAI rating 
referring to the emergency case was also 6. 
STAI STAI 
Experimental phase Stressfulness 
baseline simulation 
Pilot phase 1 
15 8 5 
Non-crisis simulation 
Pilot phase 2 
11-14 6-20 6-9 
Crisis simulation 
Pilot phase 3 
10-13 11-13 4-5 
Non-crisis simulation 
Pilot phase 3 
10-13 17-15 7-10 
Crisis simulation 
Table 5.8. Range of STAI and stressfulness of the simulation during CEA pilot simulations; 
minimum and maximum values. 
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Experiemental Phase 
Figure 5.11. STAI ratings referring to the carotid endarterectomy 
crisis simulations in pilot phase 2. 
surgeon 5 -15-surgeon 6A surgeon 7 
18 --- 
cn 14 ,, -A 
10 
61 11 1 11 __ 
baseline non-crisis crisis 
Experimental Phase 
Figure 5.12. STAI ratings referring to the non-crisis and crisis 
carotid endarterectomy simulation in pilot phase 3. 
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Figure 5.13. Stressfulness of simulated carotid endarteredctomy; 
non-crisis and crisis simulation in pilot phase 3. 
Figure 5.14. Stressfulness of simulated carotid endarteredctomy; 
crisis simulation in pilot phase 2. 
5.4.3.5 Realism 
The pilot simulations were perceived as moderately to highly realistic with ratings 
ranging from 4 to 10 (median = 6). The model was rated as moderately realistic; the 
rating ranged from 2 to 7 (median = 6). 
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5.4.3.6 Feasibility 
The simulation team was able to perform the data collection and the simulated 
operating team settled in their roles. In phase 1, a non crisis scenario was carried out. 
The team and the surgeon were able to perform the planned scenario. The team felt 
there was very little interaction and communication between the members of the 
operating team. In subsequent simulations the simulated team acted more natural as 
they would in the real operating theatre environment. 
In phase 2, the timing of the initiation and ending of the crisis simulation was tested 
and optimised following the feedback from experienced surgeons. In contrast to the 
previous simulation there were no problems with the synthetic model or any other 
equipment. The experienced surgeons mentioned that they preferred different 
instruments and equipment than those provided, e. g. different types of vascular 
clamps or suturing material. However, in order to maintain standardised experimental 
conditions the set of instruments and materials were neither changed nor were 
alternative instruments offered. The surgeons also mentioned that the characteristics 
of the synthetic model were slightly different from real tissue, but they were able to 
perform the simulated operation without problems. 
In phase 3, the full simulation design including both the non-crisis and the crisis 
scenario were piloted. The participants took 25,26, and 31 minutes to perform the 
non-crisis simulation and 23,28 and 30 minutes for the crisis simulation (surgeon 5, 
6 and 7 respectively). There were no technical problems. The flow of actions of the 
research team became more efficient and the simulation team, including the 
simulated patients, settled further in their roles. The communication of the simulated 
operating team and simulated patient during the procedure was optimised. A natural 
interaction of the simulated operating team members and a realistic response of the 
`patient' under local anaesthesia during the simulation were achieved. 
The data on surgeons' heart rate and salivary cortisol were collected without 
problems. The participants disliked the taste of the Salivette cotton swabs chewed for 
obtaining the saliva samples, but this was tolerated without undue distress. The 
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volume of the saliva samples was sufficient for processing them using the 
commercial immunoassay. The intra-assay variations were below 8% and the inter- 
assay variation was below 10%. The results were within a range of 5.6 to 16.1 
nmol/l. Surgeons' baseline heart rate ranged from 57 to 71 bpm, and maximum heart 
rate during the non-cisis and crisis scenario ranged from 108 to 144 and from 115 
to 145, respectively. The extraction of heart rate data could be performed for defined 
intervals. 
5.4.3.7 Resources 
With the help of the collaboration of several researchers a sophisticated simulation 
design was developed. Whereas for the laparoscopic cholecystectomy no nurse was 
available, for the CEA simulation a collaboration with a senior nurse (CN) at St 
Mary's Hospital was arranged. She recruited trainee nurses for each simulation and 
was able to use the simulated operation as a tool for training them. Despite the 
complexity of the set up two simulations could be performed in one afternoon. 
5.4.4 Discussion 
The CEA simulation design provided a sophisticated framework including two 
scenarios with different levels of challenge. The simulated procedure is technically 
advanced and all major stress factors identified in the Interview Study were recreated. 
The surgeons perceived the crisis simulation as highly stressful, and they appraised 
the challenge of the CEA simulation as highest, compared with the ratings of 
stressfulness of the SFJ and LC simulations. Surgeon 4 rated the scenario as 
challenging but denied his own stress response during the simulation and during an 
emergency operation in real life. Hence, the scenario can still be regarded as 
challenging to experienced surgeons. The scenarios were perceived as realistic and 
acceptable. The dislodgement of the shunt by the assistant was attributed to his 
inexperience and was not perceived as a deliberate obstruction. Hence, the selected 
stressors were perceived as natural and acceptable challenges. Furthermore, there 
were no technical pitfalls. The crisis was simulated using a combination of changes 
of heart rate and blood pressure on the anaesthetic display in the SOT and the actions 
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of the simulated patient under local anaesthesia. This method and technology were 
most reliable when compared. The collaborative work enabled to provide this 
complex set up for a full scale study. 
The time taken for performing the non-crisis and the crisis simulations were similar 
and within the expected timeframe for this procedure of 25 to 35 minutes. The heart 
rate data showed a strong increase from baseline to the two simulations as expected. 
The cortisol data were within the expected range of 3 to 25 nmol/1 (Kirschbaum & 
Hellhammer, 1989). The variation of the cortisol levels indicated that differences 
were detected with the analysis materials and methods. The intra- and inter-assay 
variations demonstrated that the laboratory analysis process was performed correctly 
and revealed valid results. Further analysis and interpretation of these data is beyond 
the scope of this chapter. The results of the physiological stress measures are 
discussed in detail in chapters 6 and 8, including the findings of the complete studies. 
5.5 Summary of simulation development and conclusions 
The simulations were developed using an iterative and progressive process. An 
overview of this research is provided in table 5.9. The criteria for selecting a suitable 
simulation tool for intra-operative stress research are presented in table 5.10. These 
points of interest were evaluated for each of the three simulation designs (i. e. SFJ, 
LC and CEA). All three approaches represented complex and sophisticated research 
frameworks increasing the surgeons perceived stress levels. However, the reliability 
of the required technology varied. If the technical issues experienced in the SFJ and 
LC pilot simulations could have been resolved, both models would have been 
suitable tools for investigating intra-operative stress in trainee surgeons. However, 
external distractions as applied in the SFJ scenarios led to a low acceptability of the 
scenario. The surgeons' feedback indicated that simulated challenges due to the 
nature of the surgical task were more appropriate stressors. Team work problems due 
to inexperience of staff were perceived as realistic and acceptable. A main 
contribution to the realism of the simulated procedures was integrating SPs in the 
scenario. The collaborative approach facilitated conducting a full study using high 
fidelity surgical simulations. 
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Criteria SFJ LC CEA 
Technical feasibility low low high 
Feasibility for the team high high high 
Acceptability low moderate high 
Realism of the set up moderate to high low to moderate high 
Realism of the scenario moderate moderate high 
Realism of the model low to moderate moderate low to moderate 
Contextualisation moderate low high 
Stress levels Moderate to high low to moderate Moderate to high 
Table 5.10. Overview of evaluation criteria for the simulation tool selection and summary of 
findings of the evaluated simulation designs. 
The CEA simulations were continued with surgeons at all levels of experience in 
order to conduct a full study investigating the effects of stress and coping in surgical 
performance. Surgeons' stress levels, including self-ratings, observer-assessment and 
physiological parameters were assessed. Surgeons coping strategies were explored 
using post-experimental interviews. Surgical skills were assessed by the collaborating 
surgeon (SB). This facilitated the investigation of the effects of surgeons' stress 
responses and coping on performance measures during challenging surgical 
situations. 
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6. THE EFFECTS OF STRESS AND COPING ON SURGICAL 
PERFORMANCE DURING SIMULATED OPERATIONS 
6.1 Introduction 
High levels of biochemical stress markers (e. g. salivary cortisol) affect cognitive 
processes (Kirschbaum et al., 1996; Wolf, 2003). In line with these findings, research 
in sports, aviation and the military identified stress and coping strategies as factors 
influencing professional performance (e. g. Driskell & Salas, 1991; Sexton et al., 
2000; Loewenthal et al., 2000; Anshel & Anderson, 2002). Although surgery is 
known to be one of the most demanding medical specialties (Thomas, 2004; Bunch 
et al., 1992), experimental research on the effects of stress and coping on surgical 
performance is lacking. 
A detailed review of the literature is provided in chapter 2. Studies investigating 
effects on single laparoscopic tasks have shown deteriorated performance under 
experimental conditions such as noise, time pressure and performing an arithmetic 
task simultaneously (Moorthy et al., 2003). Surgeons' stress levels and coping skills 
were not assessed, and typical stress situation of surgical practice were not recreated. 
A study on similar tasks, i. e. laparoscopic knot tying using a virtual reality simulator 
performed by medical students and junior trainees, has demonstrated the negative 
effects of poor coping strategies (Hassan et al., 2006). However, coping strategies of 
experienced surgeons using more complex procedures have not been investigated. 
Moreover, the assessed coping strategies represented habitual strategies, i. e. 
personality traits, and were not specific to the surgical task. The authors highlighted 
that research investigating the effects of coping strategies on performance in more 
detail was required. 
The Interview Study presented in chapter 4 revealed a theoretical model on Stress, 
Coping and Performance of Surgeons (SCOPOS). It proposes that high levels of 
stress impair surgical performance whereas surgical coping strategies have 
performance enhancing effects. In this study, these hypotheses were tested 
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experimentally. Moreover, the concept of surgical coping was refined using a 
qualitative approach where interviews were conducted immediately after the 
experience of a stressful surgical situation. 
As described in chapter 2, the methodological considerations for this research 
included the use of a combination of qualitative and quantitative methods. This 
approach facilitates a detailed exploration which reveals reliable results. The 
assessment of stress and performance during surgery in a valid ecological 
environment was required. A high-fidelity simulation of a carotid endarterectomy 
was developed for the purpose of this research (see chapter 5). This experimental tool 
facilitated the assessment of surgical technical and non-technical skills, and the 
quality of the surgical end-product. Surgeons' stress levels were investigated from a 
multi-angle perspective. Surgical coping strategies were assessed qualitatively and 
then quantified to allow the statistical analysis. Surgeons at all levels at experience 
were included in this study, and experience was included as a variable. 
6.2 Methods 
6.2.1 Study population and design 
The study was an observational study in a standardised setting of a high fidelity 
surgical simulation of a local anaesthetic CEA, with a full operating theatre team and 
professional actors who were trained to play the role of the patient as described in 
chapter 5. A validated synthetic carotid endarterectomy model (Black et al., 2007) 
was used as operative field. . 
Surgeons of all professional levels were recruited. Previous experience in vascular 
surgery was a requirement for participation. Thirty surgeons, 6 female and 24 male, 
were recruited. Their experience ranged from 2-34 (median =10) years in surgery. 
The participants' age ranged from 26 to 58 (median = 34.5) years. The surgical 
residents specialised in either general or vascular surgery, consultant surgeons were 
experts in vascular surgery. 
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The participants were grouped into two categories based on their level of experience 
in surgical practice using the median of years of experience. `Low Experience' 
surgeons (N=13) had 2-8 years of experience (median = 6) and had performed 
between 0 and 6 (median 0) CEAs as primary surgeon. `High Experience' surgeons 
had 10-34 years of experience (median = 12) and had performed 12-1000 (median = 
15) CEAs as primary surgeon. 
6.2.2 Measures 
6.2.2.1 Demographic and background measures 
The participants' age, gender, mental and physical health, medication, weight and 
height for assessing the body mass index (BMI = weight in kg / (height in m) 2), and 
general stress levels during the last seven days using the Perceived Stress Scale (PSS) 
(Cohen et al., 1983) were assessed. The questionnaires are provided in Appendix E. 
6.2.2.2 Stress measures 
Surgeons' stress levels were assessed using the following measures: 
1) The short version of the State-Trait-Anxiety-Inventory (STAI; Marteau & 
Bekker, 1992, see appendix A); 
2) A self-assessment rating scale, i. e. the surgical stress scale (SSS), developed 
for this study on a scale from 0 to 10, with 0 representing `not at all stressed' 
and 10 representing `totally stressed' (see appendix A); 
3) Observer rating by the surgical assistant (SA) on a scale from 0 to 10, with 0 
representing `not at all stressed' and 10 representing `totally stressed', 
depicted in appendix A; 
4) Heart rate (HR) in beats per minute (bpm) and heart rate variability (HRV) 
measures in a defined period of time. The obtained HRV measures included 
the mean of the R-R interval (NN) in milliseconds (ms), the standard 
deviation of the R-R intervals (SDNN) in ms, the ratio of low frequencies 
(LF; 0.04 - 0.15 Hz) and high frequencies (HF; 0.15 - 0.4 Hz) which are 
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power-spectral-analytically indentified by the recording device. The HRV 
coefficient (C_HRV) was calculated using the following formula: 
C HRV = SDNN/NN* 100. 
HR, C_HRV and the ratio of LF and HF (LFHF) in percent were included 
in the statistical data analysis. 
The data were recorded throughout the experimental procedure using a 
wireless heart rate monitor (S801 i, Polar, Kempele, Finland); 
5) Salivary cortisol was obtained using sterile cotton wool swabs which the 
surgeon chewed for one minute and were then stored in small plastic 
containers (Salivettes, Sarstedt, Nuembrecht, Germany). 
6.2.2.3 Assessment of surgical coping strategies 
The interview data analysis (described in paragraph 6.2.5.1. ) revealed a categorical 
framework of 30 surgical coping strategies in 6 sections. A detailed overview 
including verbatim quotations of the participants is provided in Appendix E. A new 
variable, the number of reported coping strategies of each participant (NC), was 
calculated. 
6.2.2.4 Assessment of surgical performance 
Three measures were used as outcome variables: i) Technical surgical skills were 
assessed using Objective Structured Assessment of Technical Skill (OSATS) 
(OSATS; Martin et al., 1997, see appendix B). This rating scale includes various 
technical aspects of surgery, such as the correct use of surgical instruments or careful 
handling of human tissue; ii) Non-technical skills were assessed using Observational 
Teamwork Assessment for Surgery (OTA; Undre et al., 2007b, see appendix B), 
including various aspects of team communication during surgical procedures, e. g. 
`clear communication with anaesthetist' or `supportive of other team members'; and 
iii) The quality of the operative end-product was assessed using End Product 
Assessment Rating Scale (EPA; Black et al., 2007, see appendix B). It reflects the 
condition of the carotid artery model after finishing the simulated carotid 
endarterectomy. 
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6.2.2.5 Assessment of feasibility of the simulation design 
Further qualitative information on the perceived sources of stress during the 
simulation was obtained from each participant in a post-experimental interview. The 
reported intra-operative stress factors were listed, categorised by two researchers 
(CW and MW) independently, and the final categories were agreed. For each 
category the percentage of surgeons reporting respective sources of stress was 
calculated. 
6.2.2.6 Realism of the simulation 
The realism of the simulated CEA was assessed considering the realism of the 
consent procedures with the simulated patients, the simulated patients during the 
simulations, the simulated operating team, the simulated operating theatre set up, the 
non-crisis and the crisis scenario and the global realism of the simulation. The rating 
scales were specifically developed for this study and ranged from 0 to 10, with 0 
indicating `not at all realistic' and 10 `totally realistic' (see appendix E). 
6.2.3 Procedure 
The experimental procedure followed a standardised protocol of two simulated CEAs 
as described in chapter 5. This was preceded by the surgeon gaining consent from 
both simulated patients. The first was a non-crisis scenario in which the procedure 
was uneventful. In the second procedure the patient underwent a series of crises: 
bradycardia on manipulation of the carotid body, stroke three minutes after clamp 
application, shunt dislodgement by the assistant and stroke on shunt removal prior to 
final completion of the endarterectomy. When the surgeon completed this task the 
simulated patient fully recovered from the acute crisis. All sessions were monitored 
and controlled from an adjacent control room. 
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An overview of the data collection schedule is provided in figure 6.1. Each 
participant was consented, and baseline measures of stress were during a5 minute 
resting time. The participants then consented the two simulated patients and carried 
out the non-crisis followed by the crisis simulation. The timing of this simulated 
procedure started with the surgeon applying a self-retaining retractor to view the 
operative field and ended with the removal of the vascular clamps and slings once the 
closure of the simulated artery was completed. 
HR 
Sc    
10 
40 
SQ    
SA   
° PS   
PE  
DD  
Phase 
Baseline 
assessment 
Consent 
SP1+2 
Non-crisis 
simulation 
Post- 
simul tion 
assessment 
Crisis 
simulation 
simulation 
Assessment 
Timing 14: 00 14.15 14: 30 15: 00 15: 30 16: 00 
Figure 6.1. Data collection schedule during the experimental procedure of the simulated 
carotid endarterectomy. Experimental phases and approximate time frames are signified. 
The surgical end-product was rated independent from the experimental procedure. 
Abbraviations: 
HR, heart rate and heart rate variability 
SC, Salivary cortisol 
SQ, Stress questionnaires including STAI and SSS 
SA, Observed stress levels of the surgeon rated by the surgical assistant 
PS, Procedural skills ratings including OSATS and OTA 
PE, Post experimental assessment including PSS and individual interview 
DD, Demographic data 
SP, Simulated patient 
 Symbol signifies data collection 
Symbol signifies the experimental phase to which the subsequent data collection 
refers to 
Heart rate and heart rate variability were measured throughout both procedures. 
Stress questionnaires including self and observer ratings of stress were completed 
immediately after each simulation and a brief interview with the surgeon was 
conducted. Saliva samples were obtained after each simulation. The pilot simulations 
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lasted between 25 to 35 minutes. The saliva samples were obtained 35 minutes after 
the start of the simulated operation in order to reflect surgeons' psychological stress 
and free cortisol during the simulation. 
Procedural surgical skills were assessed in real time. OSATS and OTA scores were 
assessed from the monitor in the control room by an expert observer (SB). The view 
on the simulation and the operative field demonstrated in an excerpt of a video- 
recorded CEA simulation in appendix H. EPA ratings were conducted by three expert 
assessors (SB, DB, JW) independently who were blinded to the identity and 
experience levels of the performing surgeon. 
6.2.4 Data processing 
6.2.4.1 Heart rate and heart rate variability data 
The heart rate data, stored on the heart rate monitor, were downloaded to a computer. 
A specific software (Polar Precision Software) allowed extracting data of interest. 
The materials are depicted and described in more detail in chapter 3. The continuous 
heart rate curve provided an overview of the surgeon's responses throughout the 
procedure. The critical time phases (i. e. baseline assessment, non-crisis simulation, 
crisis simulation, and clamping time in both simulations) were selected from the 
continuously recorded data. For each time window, heart rate (HR) and heart rate 
variability measures, i. e. NN, SDNN, and LFHF were extracted and copied into an 
SPSS data base, and C HRV were calculated. 
6.2.4.2 Salivary cortisol 
Cortisol samples were stored and processed as described in chapter 3. The intra-assay 
variations were below 8% and the inter-assay variation was below 10%. More 
detailed information is provided in chapter 3 describing materials and methods of the 
laboratory analysis of the saliva samples. 
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6.2.5 Data analysis 
6.2.5.1 Qualitative analysis of coping strategies 
Post-experimental interviews explored the surgeons' coping strategies qualitatively 
using a grounded theory approach12 . 
In order to reduce bias the final framework 
developed by the research was discussed and negotiated which represented an 
analysis element derived from Interpretative Phenomenological Analysis (IPA). All 
interviews were audio recorded, transcribed verbatim and analysed in the following 
stages: a) key theme selection, b) development of a categorical framework, and c) 
negotiation of the final framework. Stage a): Key themes of each interview were 
identified using a combination of deductive and inductive data analysis. Stage b): A 
categorical framework was developed based on the memoing process. Key themes of 
all interviews were grouped in broad strategies. Stage c): A second researcher 
allocated the selected key themes to the defined `strategies' and a high consistency 
was found (identical allocation of 73% of the key themes, identical allocation of key 
themes but additional allocation to another strategy for 21 % of the data, deviations in 
only 6% of the data). The strategies were grouped in topical sections (categories of 
higher order). Only minor differences were found between the groupings of the two 
researchers (CW and MW). Deviations at both levels of categorisation were 
discussed and a final framework was negotiated. A detailed overview of the 
strategies and verbatim quotations is provided in appendix E. 
6.2.5.2 Analysis of the influence of coping on surgical performance 
Tables 6.4 and 6.5 provide an overview of the coping strategies, categories and 
frequencies of the reported strategies. These complex data were described and 
analysed in 3 stages: 1) comparison with the structure of the previous coping model, 
2) exploring strategies that are related to high surgical performance levels and 3) 
identifying a quantitative measure of coping. 
'2 The qualitative data analysis using a grounded theory approach is described in detail in chapter 3. 
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To start with, at stage 1) the framework was compared with the theoretical coping 
concept developed in the Interview Study. 
In stage 2), associations of particular strategies and performance were explored. 
Types of strategies reported by surgeons who perform well under stressful conditions 
were indentified. The participants were grouped depending on their level of surgical 
skills using the outcome measures OSATS, OTA and EPA, referring to the crisis- 
simulation. Two groups were defined: `high performance' (HP) and `low 
performance' (LP), for each of the surgical performance measures. The allocation of 
the participants was determined using the median of each measure. For each coping 
strategy, the number of participants reporting the use of the strategy was assessed and 
presented as percentage of the number of the participants per group. Differences 
between the two groups were calculated by subtracting the percentages of HP and LP. 
In addition, for each coping category the total number of participants reporting 
strategies of this category was calculated, presented as percentage of all participants 
of the group. Furthermore, the average number of coping strategies in each category 
per participant was assessed (i. e. the ratio of the total number of strategies per 
category by number of participants per group). This provided insight into which 
strategies and categories were most commonly used in each performance group and 
how the groups differed. The allocation of the participants to the groups was 
equivalent for OSATS and OTA. The allocation for these two measures differed for 
only three participants. Hence, the data for procedural skills were analysed for only 
one of these measures as performance indicators. OSATS was the preferred measure 
as it is the more established measure. The results on the types of coping strategies 
used by `high performers' and `low performers' were compared within and between 
the data sets formed by the two performance level indicators OSATS and EPA. 
Patterns of most frequently reported strategies (i. e. greater than or equal to 50 %) of 
the performance groups were identified and highlighted in tables 6.4 and 6.5, as were 
differences between HP and LP which were greater than 20%. 
The findings of the descriptive exploration of the coping data at stage ii) indicated 
that in the `high performance' (HP) groups a greater number of coping strategies 
were reported. In a third stage of analysis, the total number of coping strategies 
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reported by each surgeon (NC) was calculated. This new variable was included in the 
main quantitative data analysis for testing the influence of NC on surgical 
performance statistically. The NC score signifies the number of coping strategies that 
the surgeon reported to use in their surgical practice. 
6.2.6 Statistical methods 
Demographic, background, and stress variables are described using median and range 
or mean and standard deviation. 
A frequency count of reported strategies and the percentage of surgeons of the 
number of surgeons of the performance groups was calculated for each strategy and 
for each category of strategies. 
All data were tested for normal distribution using the One Sample Kolmogorov- 
Smirnov test. Heart rate data were adjusted by subtracting the baseline heart rate 
from the maximum heart rate during the simulation. Heart rate variability measures 
were adjusted by subtracting baseline values from intra-operatively measured values. 
Years of experience in surgery were not normally distributed. Therefore, this variable 
was transformed using a logarithmic function (log 10). 
Stress levels during the non-crisis and crisis scenario were compared to test the two 
challenge levels. A Paired Samples T-Test was used to analyse the differences 
between the scenarios in the following stress measures: STAI, SA, and HR, SDNN, 
and LFHF; the Wilcoxon Signed Ranks Test was used to compare the scenarios in 
NN and salivary cortisol. 
The surgical performance measures, i. e. OSATS, OTA and EPA, were the outcome 
measures of the statistical data analysis. The influence of all stress measures, coping 
(NC), and experience on these variables was tested using Uni- and Multivariate 
Linear Regressions for the non-crisis and the crisis simulations separately. Significant 
predictors (p < 0.05) of the univariate analysis were included in the multivariate 
linear regression model. In addition, general stress (PSS) was included in the 
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multivariate regression model. Effects of heart rate and heart rate variability were 
calculated for a subset of 18 subjects, as data from non-continuous recording were 
not reliable and excluded from the statistical analysis. However, these experiments 
were not repeated for a full data set as there were no significant associations of heart 
rate and heart rate variability measures with any of the outcome variables in the 
subset of 18 subjects. 
The analysis of effects of salivary cortisol levels on surgical performance was 
performed using the full data set (N = 30). An additional data analysis was performed 
with this aim to control for potential confounding effects. A subset of 20 subjects 
was selected excluding female surgeons (due to the influence of menstrual cycle and 
contraceptives on cortisol responses) and surgeons who reported health problems (i. e. 
diabetes, asthma and hay fever, involving medication). A linear regression analysis of 
salivary cortisol on surgical performance measures was calculated, adjusted for BMI 
and PSS. Furthermore, the influence of anticipatory anxieties on the participants' 
baseline cortisol response was tested. Therefore, a linear regression of baseline STAI 
on baseline salivary cortisol levels as outcome measure was calculated. 
The multi-col linearity of the predictor variables was tested using Pearson' product- 
moment correlation coefficient; correlation matrices are provided in appendix E. The 
self-assessment scale of surgical stress (SSS) significantly correlated with STAI (non 
crisis: r=0.65, p<0.01; r=0.81; p < 0.01). STAI was selected as a variable for the 
regression analysis as it represents an established measure and showed stronger 
associations with the outcome measures than SSS. 
In the crisis simulation, observed stress and experience significantly correlated, 
indicating an interaction of these variables (r = -0.39, p<0.05). Four dummy 
variables for the interaction were created by combining the two stress levels with the 
two experience levels using a binary code. High and low levels of stress were defined 
using median split. Surgical experience was divided into two levels: the low 
experience level included junior and intermediate residents with up to 8 years of 
experience in surgery; while the higher experience level included senior residents and 
attending surgeons who were competent to carry out a carotid endarterectomvv as 
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primary surgeon in real life operations. Testing the inter-correlation of the interaction 
variables, 'High Experience and Low Stress' (HE_LS) significantly correlated with 
`Low Experience and High Stress' (LE_HS) (r = -0.54; p<0.001) and with `high 
experience and high stress' (HE_HS) (r = -0.38; p=0.04). In the univariate linear 
regression analysis, LE_HS significantly predicted all three outcome measures (EPA: 
P= -0.430, CI: -7.885 to -0.815, p = 0.02; OSATS: ß= -0.552, Cl: -16.804 to -4.396, 
p<0.001, OTA: ß= -0.441, Cl: -26.830 to -3.170, p=0.02). However, it was not 
included in the multivariate model as it was significantly associated with the 
predictor variable HE_LS, which showed a stronger association with all outcome 
variables (see correlation matrix in appendix E). Moreover, the HE_LS variable has a 
stronger clinical relevance as the surgeons at the high experience level are more 
likely to perform a CEA as primary surgeon in real life. 
The significance level was set at p<0.05. All statistical data analysis was performed 
using Statistical Package for the Social Sciences, SPSS, version 12.0. 
6.3 Results 
6.3.1 Confounding medical factors 
The majority of participants (N = 28) did not report any mental or physical illness. 
One surgeon reported occasional use of asthma inhalers (i. e. Salbutamol), one 
reported hay fever requiring medication (i. e. Fexofenadin) and another reported 
diabetes. Three female participants were taking oral contraceptive medication. . 
Three participants were overweight (BMI > 25) and two participants were obese 
(BMI > 30). 
6.3.2 Description and evaluation of the simulation setting 
Performing the non-crisis simulations took M= 26.3 minutes (SD = 8.7); the crisis 
simulations lasted for M= 30.9 minutes (SD = 7.4). 
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6.3.2.1 Internal validity: perceived stress factors during the simulation 
In the post-experimental interviews, participants reported the following stressors: the 
simulated crisis scenario (87%), the technical challenge of the operation (67%). 
performing under time pressure (67%), the general risk of the operation (40%), poor 
assistance (40%). Additional experimentally unintended stressors included: 
individual errors, e. g. snapping the suture (47%), unfamiliarity with the synthetic 
tissue (63%), and being assessed during the simulation (40%). Junior surgeons 
reported that lacking surgical competence was another stress factor (23%). 
6.3.2.2 External validity: Realism of the simulated procedure 
The quantitative assessment of realism indicated a high standard of the quality of the 
simulation design. The components of the simulation, such as the simulated 
operating theatre, the simulated patients, the operating team and the overall realism 
of the simulation were rated as very realistic; the synthetic model was rated as 
moderately realistic (see table 6.1). The time taken for the non-crisis scenario was 
M= 26.3 minutes, SD = 8.7, and for the crisis M= 30.9 minutes (SD = 7.4). 
Components Mean (SD) 
Simulated Operating Theatre set up 8.0 (0.9) 
Simulated team 8.1 (1.0) 
Consent procedure simulated patient 1 8.7 (1.1) 
Consent procedure simulated patient 2 8.6 (1.1) 
Simulated patient I in non-crisis scenario 8.2 (1.3) 
Simulated patient 1 in crisis scenario 8.1 (1.4) 
Synthetic model 6.0 (2.0) 
Non-crisis scenario 7.7 (1.3) 
Crisis scenario 8.0 (1.2) 
Global realism of the simulation 7.9 (1.3) 
Table 6.1. Surgeon's rating of realism of the simulated carotid endartectomy. 
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6.4 Description of the data 
6.4.1 Stress and surgical performance measures 
An overview of the means (M) and standard deviations (SD) of all stress and 
performance measures at baseline and during the simulations is provided in table 6.2. 
During the crisis scenario, self-assessed stress and observed stress were significantly 
elevated, compared to the non-crisis scenario (STAI: change from baseline to non- 
crisis scenario: M=0.11, SD = 3.4; change from baseline to crisis scenario: 
M=2.79, SD = 3.1; t=3.6 1, p<0.002; SA: t= -5.8, p=0.001, see table 3 for mean 
and standard deviations). 
Baseline Simulation 1 Simulation 2 
mean (SD) mean (SD) mean (SD) 
Stress measures 
STAI 11.8 (3.4) 11.8 (3.9) 14.6 (3.8) 
SA 1.9(l. 7) 5.1 (2.7) 
Cortisol 9.4 (5.3) 10.1 (7.2) 7.0 (3.2) 
HR 87.9 (6.4) 113.8 (15.2) 116.1 (15.7) 
NN 799.8 (95.4) 649.1 (75.8) 654.6 (87.2) 
SDNN 48.1 (14.4) 42.6 (14.8) 43.6 (16.6) 
C_HRV 6.0 (1.9) 6.6 (2.5) 6.7 (2.7) 
LFHF 7.4 (4.2) 13.7 (5.8) 14.3 (7.7) 
Performance measures 
OSATS 27.8 (7.8) 24.8 (9.2) 
OTAS 74.7 (16.8) 71.7 (16.3) 
EPA 14.5 (4.7) 13.0 (4.8) 
Table 6.2. Overview of levels of stress and surgical performance during simulated carotid 
endarterectomy. Empty cells indicate absence of baseline assessment of variable. 
Abbreviations: 
STAI, self assessed stress 
SA, observed stress of the surgeon rated by the surgical assistant 
Cortisol, salivary cortisol levels in nmol/l 
HR, heart rate maximum in bpm 
NN, average R-R interval in ms 
SDNN, Standard deviation of the R-R intervals in ms 
C_HRV, coefficient of heart rate variability: SDNN/NN* 100 
LF, Low frequency component of the spectral analysis of the R-R interval in Hz 
HF, Low frequency component of the spectral analysis of the R-R interval in Hz 
LFHF, ratio of low frequency by high frequency in % 
NC, number of reported coping strategies 
EXP, years of experience in surgery 
EPA, surgical end-product assessment score 
OSATS, surgical technical skills assessment score 
OTA, percentage of maximum achievable surgical non-technical skills assessment score 
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The continuous hear rate curve provided an overview of the surgeon's responses 
throughout the procedure. For all participants, the changes in heart rate from baseline 
to maximum during the simulations were compared between the two scenarios. 
Despite a slightly higher mean during the crisis (M = 28. l bpm, SD = 15.5) than 
during the non-crisis simulation (M = 25.8 bpm, SD = 13.4) the difference was not 
significant (t = -1.38, ns, t test for paired samples, 1-tailed). No differences were 
found in the changes of NN (Z = -0.47, ns, Wilcoxon Signed Ranks Test), SDNN and 
LFHF (all p= ns, t test for paired samples, 1-tailed). Salivary cortisol levels actually 
decreased during the crisis simulation, and the cortisol levels were significantly lower 
during the crisis simulation than during the non-crisis simulation (t = 2.784, p=0.01, 
Paired Samples T-Test). General stress levels (PSS) ranged from values of 22 to 38. 
The PSS mean was 23.9 (SD = 7.2; scale from 0 to 56). 
6.4.2 Surgical Coping strategies 
6.4.2.1 Stage 1: Comparison with the surgical coping model developed in study 1 
This model revealed a similar structure of coping categories including pre-operative, 
intra-operative and long-term strategies. The data also revealed the strategies of the 
`stop and stand back' technique, self-control and situation-control strategies. 
However, more detailed information was provided on the immediate preoperative 
phase and situational control strategies. Additional strategies and another category of 
coping during surgery, i. e. control of dynamics were identified. The previous model 
was further refined by categorising preoperative strategies into preventive, proactive 
and anticipatory coping strategies. An overview of the strategies and verbatim 
quotations for illustration of each strategy is provided in appendix E. 
Proactive strategies of the pre-operative phase included a novel aspect of mental 
preparation. Whereas only mental rehearsal had been mentioned in study 1, the 
finding of this study revealed the scrubbing time before the operation as a very 
important time of mental preparation before the operation. 
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A statement by a vascular consultant illustrates this: 
"That's actually part of the usefulness, I think, of the scrubbing up process. It's a 
transition phase, between "before the operation" and the operation itself. I use this 
time to go into `operation mode, where / remain calm and fully in control. " 
Additional anticipatory strategies included a realistic estimation of one's own skills 
and limitations, for example the time suturing the artery would take. Further, the 
acceptance of uncontrollable stress factors and a strong focus on controllable aspects 
of the situation was highlighted. 
Self-control strategies were in line with the previous results. Calmness was 
emphasised, and self-talk, distancing and relaxation during the stop and stand back 
time were reported. The statement of a consultant highlights: 
"One has to very actively remain calm. ... 
Do everything slowly, breathe slowly, make 
your movements slowly. Make no hasty decisions. And if you do everything like that, 
at the point when you're really flustered, you will calm down, I promise you. And how 
do I know? Because I've bloody well tried all these things. " 
Even during time-critical situations, for example when the patient shows symptoms 
of a stroke during carotid endarterectomy, more surgeons reported that they still 
apply the stop and stand back technique, as described by a senior SpR: 
`It's difficult to explain... imagine putting the brakes on for a moment or two. ... 
When 
the tachycardia started, / consciously paused for a second or two... before carrying 
on to the next step. " 
A novel aspect was the strategy of reassurance. Surgeons reported to double check if 
they have appraised the situation and the entailed risks correctly, and if they have 
performed the operative steps the right way. This reassures them that they are starting 
their decision making process from a correct point of view, which was reported to 
reduce stress responses related to uncertainty. 
195 
In the intra-operative phase of situational control, the decision making process and 
intra-operative planning and preparing were emphasised. In addition, surgeons 
reported that the compensation for poor assistance was an essential skill of avoiding 
stress due to technical aspects of the operation. Further, performing the operation 
systematically, i. e. step by step, and to not take short-cuts, was mentioned. 
An additional coping concept was mentioned: the control of the overall operative 
progress and actions, also labelled as `control of dynamics'. This includes standing 
back mentally and considering the bigger picture of the operation rather than 
focussing on one small aspect of it. A consultant described this: 
"What I'm doing is I'm looking around the whole operation, I'm thinking about the flow 
of the operation, ... 
it should always be progressing and the worst thing is when an 
operation stalls on, you're obsessing about getting a particular little tiny thing right 
and you're, you've lost the overall flow and progress of the operation. ... 
For 
example, if there's a bit of bleeding from somewhere you can carry on putting in lots 
and lots of little stitches trying to stop the bleeding, but often it'll be better just to say 
`right, just put a swab on there', or leave it, move on to another bit of the operation 
and come back to that later on. And that's a classic example of how it works. 
Whereas I've worked for surgeons before in the past who will see a bit of bleeding 
and they'll just obsess about it and try and put in lots of stitches and try dabbing and 
a little bit of diathermy and they're just trying to sort out a little bit of bleeding and 
before you know what's happening, half an hour, 45 minutes have gone by and the 
operation hasn't really progressed. " 
Surgeons reported that each operation has phases entailing different dynamics. 
Surgeons alternate between relaxed and alert times by allowing a light-hearted 
atmosphere during non-crisis times but control focus during critical phases, for 
themselves and for the team. This statement by a consultant surgeon illustrates this 
process: 
"You learn to pay attention. You also learn the points at which you cannot pay 
attention, when you can rest your eyes, brain, hands whatever. ... 
You learn to relax 
and think about other things. But you also learn to anticipate when you might 
suddenly have to do something. ... 
So when we put the clamps on, that would be a 
time when 1, you mentally prepare yourself, you get everything, have got this, this 
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and this ready? You're ready, the anaesthetist is ready, right off we go we're going to 
do this now, which is how 1 try and do it. " 
Surgeons also reported to focus on a single task, but at the same time were aware of 
peripheral activities. Some surgeons reported to alternate between focussing on one 
aspects, and from time to time checking other aspects of the situation. 
6.4.2.2 Stage 2: Coping strategies of `low performance' and high performance' 
groups 
An overview of the results on the frequency of strategies reported in the LP and HP 
groups is provided in tables 6.3 and 6.4. 
In the HP group determined by procedural skills ratings, most frequently reported 
strategies were: anticipating problems and backup planning, calmness, focus and 
mental distancing techniques, decision-making, systematic proceeding, team 
communication, control of team dynamics, and overall control and confidence. The 
LP group showed a high number of reports of the same strategies, except the 
following three: anticipating problems and backup planning, control of team 
dynamics and overall control and confidence. The analysis of differences between 
the two groups revealed more frequently reported self-talk, reassurance and focus in 
the HP group, which are self-control strategies. Further, the HP subjects reported 
awareness, knowing yourself, team communication and control of team dynamics 
more frequently. 
197 
Surgical coping strategies HP LP HP-LP 
Plans and checks to avoid stressors: preventive coping 43.8 71.4 27.6 
Ratio of total number of strategies in this category by n 0.9 1 0.1 
Planning the operation 31.3 28.6 2.70 
Checking instruments 31.3 21.6 9.70 
Team briefing 31.3 50.0 18.7 
Reducing inevitable stressors: anticipatory coping 75.0 64.3 14 
Ratio of total number of strategies in this category by n 1.8 1.5 0.3 
Awareness of stress 43.8 12.2 31.6 
Knowing yourself: performance time and own limitations 37.5 12.2 25.3 
Anticipating problems and backup planning 56.3 42.9 13.4 
Early recognition 6.3 0 6.3 
Accepting uncontrollable things and focus on controllable aspects 31.3 12.2 19.1 
Enhancing personal resources: proactive coping 37.5 34.7 1.8 
Ratio of total number of strate ies in this category by n 0.9 0.8 0.1 
Mental rehearsing 12.5 21,4 8.9 
Practicing technical skills 31.3 21,4 9.9 
Broadening knowledge 18.5 28,6 10.1 
Ensuring a good own mental and physical condition 12.5 7,5 5.0 
Scrubbing up process to `get into a different mode' (calmness) 18.8 0 18.8 
Intra-operative: Control of self 93.8 92.9 0.9 
Ratio of total number of strategies in this category by n 3.4 2.2 1.2 
Stop and stand back technique facilitating physical relaxation 31.3 28.6 2.7 
Calming down or remaining calm; reducing own stress responses 68.8 64.3 4.5 
Checks to reassure ones' own judgement 31.3 7,1 24.2 
Self-talk 25.0 0 25.0 
Focussing 81.3 50.0 31.3 
Mental distancing techniques 56.3 57.1 0.8 
Ergonomic adjustments 31.3 14.3 17 
Intra-operative: Control of the situation 87.5 92.9 16 
Ratio of total number of strategies in this category by n 2.9 2.2 0.6 
Stop and stand back technique; gain time to think and to act 43.8 28.6 15.2 
Re-assessment and decision-making process 50.0 50.0 0.9 
Intra-operative prioritising, planning and preparing 18.8 7.1 11.7 
Team communication and leadership 68.8 54.3 24.20 
Compensating for lack of team support: do most things yourself 25.0 14.3 16.1 
Systematic methodological proceeding of technical steps 62.5 78.6 16.1 
Control of overall operative action and progress ('dynamics') 87.5 64.3 22.2 
Ratio of total number of strategies in this category by n 1.5 0.9 0.6 
Control of team dynamics during the operation 62.5 14.3 48.20 
Monitoring flow of the operation 18.8 7.1 11.7 
Attention to peripheral activities and focus on the task 18.8 21.4 2.60 
Overall control and confidence 50.0 42.9 7.10 
Percentage of subjects reporting coping strategies 100 100 0 
Total number of all coping strategies 198 128 70 
Ratio of total number of all strategies by number of subjects 12.4 9.1 3.3 
Table 6.3. Overview of surgical coping strategies grouped in categories, percentage of surgeons reporting 
use of each strategy, for `high performers' (HP; n=16) and `low performers' (LP; n=14) of procedural 
technical skills. Differences between the performance groups (HP-LP) are provided. Strategies reported by 
the majority of the surgeons in each group (n > 50%) are highlighted in blue. Differences between the two 
groups greater than 20° o are highlighted in green. The mean of the number of coping strategies per subject 
ww as calculated for each coping category. 
198 
The frequencies found for the HP and LP groups determined by ratings of the 
surgical end-product revealed a similar pattern of surgical coping. The HP as well as 
the LP group reported the same strategies of intra-operative coping and control of 
dynamics as most important. Differences between the groups where the lower 
frequency of checking instruments, team briefings, anticipating problems and backup 
planning, reassurance, ergonomic adjustment and control of dynamics. Comparing 
these aspects to the differences in the procedural skills determined data, practical 
aspects such as equipment checks, team briefings and ergonomic adjustments seemed 
to contribute to a better quality of the surgical end-product, whereas self-talk and 
focus appear as particularly beneficial to procedural skills. The majority of beneficial 
strategies, however, were similar for the two different data sets. The diversity of the 
types of frequently coping strategies became apparent. 
The categories of coping were largely reported in similar frequency throughout both 
data sets. In both HP groups, however, control of dynamics was reported more 
frequently. Preventive coping strategies were emphasised more by the LP group 
determined by procedural skills. Nevertheless, throughout the data there was a 
general trend showing a higher frequency of reported strategies in the HP groups. 
Moreover, the average number of coping strategies per person, calculated for each 
category, is higher for HP subjects than for LP subjects. This difference is largest 
when assessed for all coping strategies of the framework. These findings and the 
diversity of the types of strategies reported in the HP groups indicated that a high 
number of reported coping strategies was beneficial to surgical performance. 
6.4.2.3 Stage 3: Including number of coping strategies as a variable in the 
statistical data analysis. 
The coping score (NC) ranged from 2 to 23 strategies on the scale from 0 to 30, with 
a mean= 10.6 (SD=5.6). 
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6.4.3 Associations of stress, coping and experience with surgical performance 
The statistics of the univariate linear regression analyses are provided in appendix E. 
Significant predictors of the univariate analyses were included in the multivariate 
model. The results of the multivariate analysis are considered as most relevant and 
are presented in tables 6.5 and 6.6. 
6.4.3.1 Non-crisis simulation 
In the univariate analysis, the surgical end-product was significantly influenced by 
measures of self-assessed stress, coping and experience. The quality of the end- 
product was negatively affected by high stress levels. A high coping strategy score 
and experience were beneficial to the quality of the surgical end-product. Statistics 
are provided in appendix E. 
In the multivariate analysis, there was an independent significant effect of coping 
and years of experience in surgery on the surgical end-product (EPA). Both technical 
(OSATS) and non-technical skills (OTA) were significantly influenced by 
experience, but stress and coping had no significant effect. An overview is provided 
in table 6.5. 
EPA OSATS OTA 
Variable Coefficients p ß Coefficients p Coefficients p 
(95% CI) (95% CI) (95% CI) 
STAI -0.187 . 
18 
(-0.558 - 0.110) 
NC 0.279 . 
04 
(0.009 - 0.460) 
EXP 0.571 <. 001 0.848 <. 001 0.749 <. 001 
(4.328 - 12.669) (15.700-25.731) (25.967 - 52.967) 
Table 6.5. Multivariate analysis of stress (STAI) and coping (NC) on performance during 
the non-crisis simulation, adjusted for years of experience in surgery (EXP). ß values, 95 % 
confidence intervals and p-values are listed for the effect of each predictor on the 
performance measures EPA, OSATS and OTA. Empty cells indicate variables were not 
included in the multivariate model as they were not identified as significant predictors in the 
univariate analyses. 
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6.4.3.2 Crisis simulation 
In the crisis simulation, the predictors stress (SA) and experience in surgery (EXP) 
were inter-correlated. This finding indicated an interaction of these two variables. 
Subsequently, SA and EXP were combined in the interaction variables `high 
experience and low stress' (HE_LS) and `low experience and low stress' (LE_LS). 
For a detailed description of the test for multi-collinearity, coding and selecting the 
interaction variables is provided see section 6.2.6. 
The univariate analysis revealed a significant beneficial effect of the interaction 
variable `high experience and low stress' (HE_LS) on the surgical end-product 
(EPA). No other predictor had a significant influence (table 6.6). The results of the 
univariate linear regression analyses are provided in appendix E. 
EPA OSATS OTA 
Variable 0 Coefficients 
(95% Cl) 
NC 
pß Coefficients 
(95% Cl) 
H E_LS 0.537 . 
002 0.707 
(2.079 - 8.543) (8.708 - 17.860) 
LE LS -0.242 
(-14.642 - 0.059) 
pß Coefficients p 
(95% Cl) 
0.302 . 03 
(0.117 - 1.624) 
<. 001 0.654 <. 001 
(13.090 - 30.483) 
. 
05 
Table 6.6. Multivariate analysis of the interaction variables `high experience and low stress' 
(HE_LS), `low experience and low stress' (LE_LS) and coping (NC) on performance during 
the crisis simulation. ß values, 95 % confidence intervals and p-values are listed for the 
effect of each predictor on the performance measures EPA, OSATS and OTA. Empty cells 
indicate variables were not included in the multivariate model as they were not identified as 
significant predictors in the univariate analyses. 
In the univariate analysis, technical skills (OSATS) were significantly influenced by 
the interaction variables `high experience and low stress' (HE_LS) and `low 
experience and low stress' (LE_LS, see appendix E for results of the univariate 
analysis). In the multivariate analysis, HE_LS showed a significantly enhancing 
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effect on technical surgical performance, whereas the detrimental effect of LE_LS 
was only marginally significant (table 6.6). 
The univariate analysis demonstrated that coping and `High Experience and Low 
Stress' (HE_LS) were significant predictors of non-technical skills (OSATS; see 
appendix E for results). The multivariate analysis revealed an independent significant 
effect of these two variables both of which were beneficial to non-technical 
performance (table 6.6). 
There were no significant correlations of general stress levels (PSS) with any of the 
predictor variables. Adjusting for this potentially confounding factor in the 
multivariate analyses revealed that PSS was not a significant predictor of surgical 
performance, and the significant effects found in the previous analyses remained 
stable. An overview of the results checking potentially confounding effects of general 
stress levels is provided in appendix E. 
The regression analysis of heart rate, heart rate variability measures and salivary 
cortisol showed no significant influence on surgical performance. The corresponding 
statistics are provided in appendix E. 
The additional analysis investigating the influence of cortisol levels on performance 
using a subgroup of 20 participants revealed no significant influence, neither before 
nor after adjusting for BMI, PSS and years of experience in surgery. All results of the 
multi-collinearity tests, univariate and multivariate linear regression analysis of this 
subsample are provided in appendix E. The same response pattern as for the full data 
set was found, i. e. high baseline levels (M = 11.3 nmol/l, SD = 5.8) decreasing during 
the simulations (non-crisis scenario: M=9.0 3 nmol/1, SD = 5.3; crisis scenario: M= 
7.4 3 nmol/l, SD = 3.1). As an additional check of influences of anticipatory anxieties 
before the simulation, a linear regression analysis of baseline STAI levels on baseline 
cortisol was calculated. No significant influence was found (ß = -0.025, CI: -1.033 to 
0.935, p=0.918). In both simulations, the physiological stress measures did not 
significantly influence any of the outcome variables. 
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6.5 Discussion 
This study has shown that the number of coping strategies was significantly related to 
surgical performance during simulated non-crisis as well as crisis surgery. Moreover, 
experienced surgeons showing low stress levels during the simulated crisis achieved 
higher scores in all measures of surgical performance. These findings indicate that 
stress and coping skills are important factors for the outcome of surgery, independent 
of surgical experience. 
In inexperienced surgeons there was a marginally significant detrimental effect of 
low stress on surgical performance. The low stress levels in that group indicate that 
these participants may either lack insight in their level of skills or are over-confident, 
which led to particularly poor technical performance and supports previous findings 
(Ward et al., 2003). 
This study enabled us to assess surgeons' coping skills for intra-operative stress. 
Surgeons reported strategies representing a great diversity. Although the main 
components of coping strategies reported in chapter 4 were also found in this study, 
additional information was gained. The intra-operative strategies were reported in 
more detail, emphasising a safe operating approach, e. g. systematic proceeding and 
reassurance. Aspects such as control of dynamics of the overall operative process 
were highlighted which built a separate category. Mental preparedness immediately 
before the operation was also reported to be important. Furthermore, there were 
strategies mentioned that were closely related to the characteristics of the simulated 
procedure, such as compensating for poor assistance and knowing one 's own 
performance time. These findings provide evidence that the recall of information 
immediately after the experience of a stressful surgical situation is enhanced. The 
previous coping concept could be refined with the help of this methodology. 
The types of strategies used most commonly were similar in the high and low 
performance groups. Well performing surgeons used strategies of all categories, and 
demonstrated a greater knowledge of strategies than surgeons with lower 
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performance results. This indicated the importance of knowing a large range of 
strategies. 
The coping measure NC represented the total number of coping strategies 
participants reported using in their practice. It demonstrates their flexibility in 
applying specific coping strategies for managing stressful situations in surgery. The 
coping strategies have shown to be relevant to surgical performance. They influenced 
the surgical end-product during the non-crisis simulation and non-technical skills 
during the crisis scenario. A possible limitation of the coping measure is the overlap 
of some of the items with the rating scales for procedural skills scales. OTA assesses 
aspects such as team communication and leadership, and the sequence of operative 
steps is an item of the OSATS rating. This could be considered as a potential 
confounding effect in the results of the regression analysis. However, the surgical 
end-product does not entail any such items and was significantly influenced by NC. 
Moreover, the coping strategies (30 in total) include 13 pre-operative strategies, 
which cannot be assessed with procedural skills rating scales. Another consideration 
of possible confounding effects on the reported number of coping strategies might be 
the influence of personality characteristics of the surgeons on the reported amount of 
information in the interview. For example, more talkative participants might be more 
communicative during surgery and thereby achieve better operative results. The 
findings of the regression analysis, however, did not support this hypothesis. There 
was no significant effect of coping on non-technical skills for the non-crisis scenario, 
but rather on the end-product. Further, the analysis of the types of strategies reported 
by particularly well performing surgeons in contrast to surgeons with lower 
performance outcomes has revealed that they differ in a range of strategies that are 
unlikely to be related to aspects of quantity of communication. Remaining focussed 
was the most frequently reported strategy in the HP groups at 81.3% use. The coping 
concept can be regarded as a summary of tools which surgeons apply in order to 
manage demanding situations in surgery. It includes aspects that have been 
considered in surgical skills but goes beyond the scope of these concepts and 
considers psychological aspects of surgical performance such as mental preparation 
and control of self Furthermore, it emphasises meticulous preparations at different 
phases before operations and the importance of the awareness of risks such as stress 
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in surgery. The concept that has been developed is grounded in empirical data gained 
from experts. Hence, the surgical coping framework does not only represent a novel 
perspective on surgical skills, but also represents a comprehensive and valid concept 
of performance enhancing strategies of surgeons. 
The number of coping strategies was not related to the measured stress responses in 
this study. This suggests that surgery entails inevitable stress and that coping 
strategies primarily enable the surgeon to enhance their surgical performance in such 
highly demanding situations. In contrast to the findings in study 1, coping skills were 
independent from experience in surgery, indicating that these skills are not gained 
automatically with increasing surgical practise. Our findings suggest that training on 
surgical coping strategies should be integrated into surgical education. 
Experience was the strongest predictor of all performance measures in both 
scenarios. During the non-crisis scenario, experience over-ruled the univariate 
detrimental effect of stress (STAI) on the end-product score; and during the crisis 
scenario, experienced surgeons with high stress levels showed no deterioration of 
their performance. These findings indicate that the detrimental influence of stress on 
performance is negligible with increasing experience in surgery. Furthermore, this 
finding supports the hypothesis that experts are able to perform appropriately under 
stress as they either have broader emotion-related performance zones, i. e. are able to 
perform under suboptimal emotional states, or alternatively, that they are able to 
control their emotions and to adjust them to their optimal emotional performance 
zone (Hanin, 2000). Research exploring the underlying mechanisms of experts' 
performance and stress management in surgery is required. 
The physiological stress indicators, heart rate and heart rate variability, and salivary 
cortisol were not related to surgical performance. These variables did not reflect 
perceived or observed stress levels either. As such measures underlie complex 
physiological mechanisms of the individual they can be influenced by many 
confounding variables. Baseline cortisol levels were high and decreased during the 
simulation, contrary to our expectations. In the additional analysis investigating 
effects of cortisol levels on performance using a more homogeneous subset of the 
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data and controlling for BMI and general stress levels, no significant influences were 
found. Furthermore, the high baseline cortisol levels were not influenced by 
anticipatory anxieties related to the expectancies of the participants related to the 
simulation experiment. These findings suggest that stressful tasks or physically 
demanding activities, e. g. during operations or ward work, were performed before 
attending the simulation and reflected in high baseline cortisol level. However, a 
study investigating surgeons' salivary cortisol levels in real life operations (Jezova et 
al., 1992) has shown identical response patterns: stress levels obtained before 
operations were higher than immediately afterward. The samples were collected 45 
minutes after the start of the operation. The authors suggested that peak responses 
may have occurred during the operations. High baseline values may refer to the 
expectation of the operation. When the operation was performed successfully the 
positive feedback circuit may have reduced the surgeons' stress (Ursin, 1998). The 
HPA activity increases due to particular types of stressors, such as social evaluation 
and elements of low control and individuals show a habituation in their cortisol 
response after repeated exposure to the same stimulus (Dickerson & Kemeny, 2004). 
The predominant stressors during surgery - in real life or as simulation - may not 
influence the HPA axis. Alternatively, the effect of the positive feedback circuit may 
over-rule these effects. This would also be in line with the performance - stress 
feedback loop suggested in the SCOPOS model. However, psychophysiological 
measures can be influenced by a variety of other factors, e. g. food and caffeine 
consumption or sleep pattern, that are difficult to adequately control in this extremely 
demanding occupational field. These measures may not be suitable for research in 
this domain. However, only one saliva sample was obtained immediately after the 
simulation which is a limitation of this study. Moreover, the peak response may have 
occurred later, i. e. at 45 to 60 minutes after the beginning of the simulation (Kudielka 
& Kirschbaum, 2005; Kirschbaum & Hellhammer, 1989). Further research obtaining 
additional saliva samples would be required to investigate this in more detail. 
During the non-crisis scenario only self-assessed stress was a relevant factor whereas 
during the high stress scenario observer rating was the only significant stress 
measure. During the non-crisis surgeons may have more mental capacity for 
perceptions of their own stress levels, and cues indicating surgeons' stress may not be 
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strong enough to be recognised by the surgical assistant. In highly demanding 
situations like during crisis management, surgeons may lack awareness of their own 
stress levels though these might be more accurately assessed by the surgical assistant. 
This suggests that the use of a variety of stress indicators is essential to investigating 
stress responses in surgical practice. 
All stress factors that were intended to be recreated with the simulation scenarios 
were reported by a majority of the participants. In addition, lack of competence and 
making mistakes were reported as sources of stress and supports previous research 
findings. Being assessed during the simulated operation was also mentioned as a 
stress factor. Considering that surgeons are assessed throughout their training by 
senior surgeons and other theatre staff as part of their everyday practice, this 
additional stress factor was not regarded as an experimental bias. 
General conclusions from this study are limited by the use of a single surgical 
procedure and other procedures, for example laparoscopic surgery, may show 
different characteristics of stress and coping. In addition as with any simulation study 
these findings have not been assessed for real CEA cases. Surgical performance can 
be influenced by many factors, involving characteristics of the team, the patient, the 
hospital, the equipment, time of the day, and individual factors of the surgeon. 
Further research is required to explore the effects of stress and coping outside the 
environment of the Simulated Operating Theatre. Simulations do, however, provide a 
controllable and safe environment for investigating intra-operative stress. Another 
limitation of this study is the potential feedback-loop of perceived performance 
influencing surgical stress, which may be considered as a confounding effect. 
However, previous research has shown that self-assessments of performance are 
unreliable as mentioned above and differ from expert ratings of performance as used 
in this study. In the interview feedback on sources of such as lacking competence 
were mentioned, but only by 23% of the participants. The impact of experimental 
stressors was emphasised and reported by the majority of the participants, which 
supports the validity of the research findings in this study. 
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The SCOPOS model as proposed in chapter 4 was largely supported by the findings 
of this study. Typical stressors of surgical practice elicited stress responses which 
influenced various aspects surgical performance. Observed stress rated by the 
surgical assistant was identified as an important predictor of surgical performance. 
Coping strategies showed the suggested performance enhancing effect. However, 
coping was not associated with any of the stress measures. Experience had no 
influence on the number of coping strategies. These results are contrary to the 
findings of the Interview Study. An interaction of stress and experience in extremely 
stressful intra-operative situations has been identified. The model was refined in 
accordance to the findings in this study, as depicted in figure 6.2. 
Coginitive ý 
/ 
Appraisal/ 
1 
Experience in 
Surgery 
Stressors 
Stress Responses 
Surgical Coping 
Strategies 
Surgical Performance 
Technical skills 
Team communication skills 
Figure 6.2. Model of Stress, Coping and Performance of Surgeons (SCOPOS). Lack of 
competence may represent a stressor, depicted as feedback arrow. Coping strategies 
primarily enhance surgical performance. Experience - and in high stress conditions the 
interaction of experience and stress levels - influences surgeon's performance. 
In summary, the assessment of stress and surgical coping strategies was feasible, and 
a realistic simulation of CEA was created. The previous coping concept was 
extended with more specific elaborations of intra-operative coping strategies. Using 
this approach has overcome limitations of research on coping as stated in the 
literature (Nicholls & Polman, 2007; Anshel & Anderson, 2002). Stress levels and 
surgical coping strategies were significantly related to measures of surgical 
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performance in addition to experience alone. The analysis revealed no influence of 
any of the physiological stress measures on surgical performance. Self-assessed stress 
was a significant predictor during an advanced but uneventful operation whereas 
observed stress was a significant predictor of performance during the simulated 
surgical crisis. The fact that surgeons do not automatically acquire these strategies 
suggests that these skills need to be addressed in surgical training. Further validation 
of the coping measure is necessary, with future studies exploring the concept of 
coping with stress and in surgical practice across a broader spectrum of surgical 
procedures. 
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Section 3 
Stress management training for surgeons 
The findings of the studies presented in section 2 provided evidence that stress and 
coping influence surgical performance. High stress levels were detrimental to 
surgical skills whereas the availability of a high number of coping strategies had 
beneficial effects for the performance of surgeons during simulated operations. The 
results of the Simulation Study indicated that experience in surgery did not 
automatically entail a greater knowledge of coping skills. Nevertheless, educational 
interventions on stress and coping in surgery have not been considered yet. The aim 
of the research presented in this section was to develop and evaluate stress 
management training (SMT) for surgeons. 
In chapter 7 the theoretical considerations for the development of the SMT are 
explained and the development of all training components is described. In chapter 8, 
the evaluation of the framework is presented. Chapter 9 summarises the findings of 
the research in this thesis. The relevance of stress and coping to surgical competence 
and implications for future research in surgical education are discussed. 
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7. DEVELOPMENT OF A STRESS MANAGEMENT INTERVENTION FOR 
SURGEONS 
7.1 Introduction 
This chapter describes the development of a surgical stress management training 
(SMT) and presents all components of this intervention. The intervention was based 
on evidence from previous research of this thesis and was specific to stress 
management in surgery. The SMT development included the selection of stress 
management training techniques and tools which facilitated providing a suitable 
training package. 
The model by Kirkpatrick (1967) on evaluation of educational interventions 
highlights the importance of the acceptability of an intervention to the participants, 
providing knowledge and the ability to apply the acquired knowledge. Furthermore, 
the impact of the intervention on professional outcomes needs to be considered. 
Hence, the intervention developed in this thesis represented a training package 
considering a range of aspects (Branfenbrenner, 1979). It included modules which 
aimed to increase knowledge and skills on surgical and coping, and tools facilitating 
the application of these skills. 
The structure and the content of this stress management intervention were based on 
the concept of surgical coping. The evidence-based development should be most 
effective as provides expert knowledge of a highly specialised field. In addition, 
training which was empirically grounded in surgery is likely to entail advantages 
regarding the acceptability of the intervention. The specificy to surgery was 
considered in the terminology, concepts and tools provided in the training. However, 
the SMT included also psychological training elements of cognitive-behavioural 
interventions that have been shown to be most effective in other domains (Meyers et 
al., 1996; Meichenbaum, 1977; Cautela, 1966). Exposure to stressful situations, 
relaxation and imagery training have been considered (e. g. Bhambri et al., 2005; 
Martin et al., 1999, Meyers et al., 1996). Nevertheless, the training focused on 
specific methods of stress management in surgical practice. This intervention was 
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developed with the overall goal to enhance surgical performance during challenging 
situations. In order to facilitate this, an intervention package was developed. The 
components of the training were selected with the following aims: 
" raising surgeons' awareness of stress as a risk factor to performance 
" broadening surgeons' knowledge on surgical coping strategies; 
" supporting surgeons to individually choose suitable coping strategies for their 
practice; 
" enabling surgeons to put surgical coping strategies into practice; 
The gained awareness, knowledge and skills should contribute to: 
9 enabling surgeons to manage stressful situations and thereby to reduce 
unhelpfully high levels of stress; 
" improve surgeons' operative performance in challenging situations. 
7.2 The surgical stress management intervention framework 
The overall framework of the SMT mentioned above included the following stages: 
1) Baseline information on technical skills and knowledge required for performing 
the simulated operation for all participants 
2) Providing the experience of a stressful intra-operative situation in a safe setting 
using surgical simulations, i. e. exposure to surgical stressors 
3) Providing knowledge on surgical coping strategies 
4) Enhancing surgeons' awareness of stressors, their own responses and coping 
strategies using mental rehearsal 
5) Planning operations and integrating surgical stress management strategies, 
followed by 
6) Applying and practising their plans and strategies in sensu using mental rehearsal. 
In the safe environment of a second surgical simulation enabled surgeons to 
implement their new skills. The simulation also facilitated the assessment of surgical 
performance, stress levels and coping strategies for the evaluation of this intervention 
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Figure 7.1 illustrates the stages of the SMT and the required tool. The tools included 
a knowledge tool in the form of a booklet on surgical coping strategies; an awareness 
and practise tool which was a training on mental rehearsal of an operation using 
imagery techniques; a practise tool for relaxation; a strategies selection and planning 
tool in the form of instructions on preparing an operation; and an exposure tool. 
which represented a surgical simulation and served as a tool facilitating assessment 
of stress and surgical performance measures. Moreover, baseline information on 
technical aspects of the operation was provided in order to prepare all participants for 
performing the simulated operation. This training was developed and performed in 
collaboration with a senior SpR with experience in vascular and general surgery 
(AG). In addition, a consultant (DB) in vascular surgery and the nursing team at St 
Mary's Hospital supported the pilot phase of the CEA simulations for this study. The 
development of the tools used in the surgical SMT are described in detail in the 
subsequent sections. 
Application 
Practise 
Preparation 
Awareness 
Knowledge 
Exposure 
H Coping Mental Strategic Mental Simulation Simulation 
Booklet H rehearsal planning rehearsal 
Figure 7.1. Stages of the surgical stress management training and required tools 
(highlighted in grey) facilitating the intervention process. 
7.3 Baseline information tools: CEA text book chapter 
In surgery, there are different ways of performing the same procedure depending on 
the preference of the surgeon and the available equipment. In order to standardise the 
performance of the simulated carotid endarterectomy which was used as the 
procedure for this study, one particular approach of performing this operation was 
suggested. The steps of the procedure followed a standard text book chapter on 
carotid endarterctomy (Harris, 2000). In accordance with this technical approach, a 
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standardised set of surgical instruments was selected. The surgical text book chapter 
was recommended to each participant. 
7.4 The knowledge tool: Booklet on surgical coping strategies 
Surgeons are an extremely busy professional group. Hence, self-study of a concise 
written information was regarded as the most feasible method of delivering 
knowledge on surgical coping strategies. It avoids travel time and enables them to 
choose a time for studying that suits them. The knowledge on surgical coping 
strategies was provided in form of a booklet written for this study (see appendix F). It 
includes an overview of the surgical stress management strategies and examples and 
explanations of coping strategies with stressful situations in surgery. Quotes of 
surgeons' statements from the two previous interview studies were included as 
illustration. In order to assure the suitability of this booklet for surgeons considering 
their terminology and professional culture, a consultant surgeon (DB) contributed to 
editing this booklet. The booklet also aimed to raise surgeons' awareness of stress 
and coping in surgery and to acknowledge stress as a factor relevant to performance. 
It encouraged surgeons to reflect on stress and on their own coping strategies and de- 
stigmatised vulnerability. 
7.5 Tools for general stress management using relaxation techniques 
7.5.1 Introduction 
The coping framework outlined in the booklet provides information on pre-operative 
and intra-operative coping strategies. Both phases included self-regulatory strategies, 
for example relaxation before the operation or relaxation during brief intra-operative 
pauses. This is in line with the use of relaxation techniques by athletes before and 
during competitions (Gould & Udry, 1994; Junge, 2000; Kellmann & Beckmann, 
2004). Relaxation techniques can reduce surgeons' stress levels. They also facilitate 
the application of other strategies such as practising mental rehearsal (Eberspacher, 
2001). Relaxation techniques were chosen as a key element for practising in a 
separate self-study module. 
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Biofeedback, autogenic training and imagery for relaxation were piloted in order to 
explore surgeons' responses to applying these methods (Lazarus, 1975; Williamson 
& Blanchard, 1979; Williamon, 2004). Acceptability, feasibility and effectiveness on 
physiological and perceived reduction of stress were investigated. Based on the 
findings of this study, concise written information on relaxation methods and their 
benefits for professional performance and instructions for practise were provided. 
This information is provided in appendix F. Additionally, instructions for relaxation 
practise were provided on a compact disc edited and recorded for the purpose of this 
study (see appendix H). 
7.5.2 Pilot study 1 on relaxation techniques: Biofeedback 
7.5.2.1 Objective 
Biofeedback has been shown to be an effective relaxation method (Lazarus, 1975; 
Williamson & Blanchard, 1979; Steptoe, 1989a). The Feasibility of the biofeedback 
for relaxation training with surgeons using the Polar heart rate monitor (Finland, 
Kempele) was explored. 
7.5.2.2 Methods 
Participant recruitment 
Participants with at least one year experience in surgery were included. They were 
volunteers, recruited from the Department of Biosurgery and Surgical Technology, St 
Mary's Hospital, Imperial College, London. At recruitment the surgeons were 
informed that they are participating in a pilot study investigating the use of a 
relaxation method as part of surgical stress management training. Ethical approval 
had been obtained from St Mary's Hospital Trust ethics committee. 
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Measures 
The short version of the STAI (Marteau & Bekker, 1992) on state anxiety and heart 
rate in beats per minute (bpm) were used to assess stress levels of the participants 
before and after the relaxation exercise. Qualitative feedback from the participants 
was obtained in a brief post-experimental interview. Surgeons' perception of the 
feasibility and the acceptability of this method was assessed using the following 
questions after the relaxation exercise: 
1. How did you experience this exercise? 
2. Were you able to put the instructions (see next section) into practice? 
3. Did you find this helpful to relax? 
4. What would improve this exercise? 
5. Do you regard this as an acceptable relaxation training method for surgeons 
aiming to improve intra-operative performance? 
Materials 
The wireless Polar heart rate monitor was used for heart rate assessment and served 
as a biofeedback tool, using the numbers on the display of the wrist unit. The wrist 
unit was held by the participants enabling them to watch the numbers as biofeedback. 
Baseline and post-exercise heart rate were recorded as single values. The 
participants' responses to the questions were recorded in form of free text. 
Procedure 
To start with the surgeons were consented and filled in a form with demographic 
data. Then the chest belt of the heart rate monitor was applied and the participants 
familiarised themselves with the heart rate monitor. After that the participants' heart 
rate was obtained and the STAI was filled in for baseline assessment. Then they 
received the following instructions for the biofeedback exercise: 
Please watch the numbers that display your heart rate at the monitor. Try to relax 
and to reduce your heart rate. Take as much time as you wish. Please let me know 
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when you have reached the point where you are not able to reduce your heart rate 
further. 
After the exercise was finished the heart rate was obtained and the STAI was filled in 
a second time, followed by the interview. 
Data analysis 
Quantitative data were analysed descriptively. Any changes in the STAI and heart 
rate variables between pre- and post-exercise measures were calculated by 
subtracting the latter from the baseline values. Qualitative feedback data were 
summarised from the notes for each question. 
7.5.2.3 Results 
Sample 
The participating surgeons were clinical research fellows of the surgical research 
department who volunteered to participate in the pilot study. They were at an 
intermediate level of experience in general surgery. One surgeon had previous 
experience of relaxation techniques from meditation exercises which were related to 
other sports performance. An overview of the demographic data of the participants of 
this feasibility study is provided in table 7.1. 
Age Gender Years in Professional Previous experience 
surgery status with relaxation 
techniques 
Surgeon 1 31 female 3 SpR year 1 no 
Surgeon 2 32 male 4 SpR year 2 no 
Surgeon 3 36 male 6 SpR year 4 yes 
Table 7.1. Overview of demographic data of participants of the relaxation pilot studies 1,2 
and 3. 
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Stress levels 
All participants were able to reduce their heart rates during the biofeedback exercise 
as demonstrated in figure 7.2. The changes ranged from 15 bpm to 24 bpm per 
minute; the maximum reduction was reached after 1-3 minutes as shown in table 7.2. 
Perceived stress levels slightly decreased for all participants as figure 7.2 and table 
7.2 illustrate. 
surgeon 1 -- surgeon 2 (surgeon 3 
100 24 
95 
21 
90 
E 
18 
c 85 
80 15 
L 
75 
12 
70 
9 
65 
60 6 
Heart rate Heart rate STAI STAI 
baseline relaxed baseline relaxed 
Figure 7.2. Changes in heart rate and STAI from baseline to immediately after the 
relaxation exercise, indicating the effects of the biofeedback technique. 
Heart rate STAI Heart rate Heart rate STAI STAI 
Changes score baseline Relaxed baseline relaxed 
bpm changes bpm bpm 
Surgeon 1 24 1 95 71 15 14 
Surgeon 2 17 1 82 65 11 10 
Surgeon 3 15 1 95 80 8 7 
Table 7.2. Overview of quantitative results of the biofeedback relaxation exercise, including 
heart rate and STAI values and changes in these variables from baseline to immediately after 
the exercise. 
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Qualitative feedback on feasibility and acceptability 
The participants' feedback indicated a low acceptability of this method. They 
indicated that other ways of relaxation were more effective for them, for example 
surgeon 2 as shown in table 7.3. The feedback using the heart rate monitor was 
perceived as rather unhelpful. 
Questions Surgeon 1 Surgeon 2 Surgeon 3 
How did you It was fine. Ok. Relaxation is the 
experience this opposite. 
exercise? 
Were you able to Yes, it went down to Yes, I can relax and I might want to 
apply the 72 but then to get the heart rate check the heart rate 
instructions? maintain that is a down. I close my occasionally, but it 
bit difficult eyes, relax and is not really 
think of nothing, I necessary. 
relax my muscles 
Did you find this Looking at numbers It is too much No, it creates only 
helpful to relax? is not helpful to focus, and it anxiety and 
relax stresses me that I pressure to get the 
have to get the hear heart rate down, 
t rate down. and it a focus, that 
distracts me form 
relaxing. 
What would Peaceful, pleasant I don't know. Physical relaxation, 
improve this thoughts; imagine I do that anyway. I 
exercise? myself at a beach did sports, and I 
and listen to the think that way I 
waves, music have got some 
maybe insight. 
Acceptable as part Maybe, don 't know No. No. 
of a performance 
enhancing training 
for surgeons? 
Table 7.3. Overview of qualitative feedback on the biofeedback exercise. 
7.5.2.4 Discussion 
The heart rate was reduced during this exercise. However, perceived stress levels 
only decreased only by one point on an 18-point scale. This is likely to be due to the 
characteristics and low acceptability of the biofeedback method. All participants 
found it unusual to use the heart rate monitor for relaxation. They perceived watching 
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the numbers on a display as rather unhelpful and contradictory to relaxation. The 
surgeons mentioned that they would prefer different ways of relaxing and suggested 
relaxation without biofeedback technology, such as physical relaxation techniques as 
they reported to relax their muscles, and imagery techniques visualising relaxing 
scenes. 
7.5.3 Pilot study 2 on relaxation techniques: Autogenic training 
7.5.3.1 Background 
Following the feedback from pilot study 1 autogenic training was chosen as an 
alternative relaxation technique to be tested (Williamon, 2004; Steptoe, 1989a). It 
can be easily applied, even in the operating theatre as a senior surgeon reported in 
Interview Study 1. It was stated that applying this technique enabled the surgeon to 
relax successfully, feel calm and reduce his tiredness (see chapter 4). With training 
physical relaxation can be achieved within a few seconds of autogenic practise. 
7.5.3.2 Methods 
Samples measures and materials 
The methods of this pilot study were similar to the methods described in the pilot 
study on biofeedback. The same sample of surgeons was used. The same measures 
were assessed, i. e. the STAI and heart rate in bpm before and after the autogenic 
training exercise. The Polar heart rate monitor was used for measuring the 
participants' heart rate. Qualitative feedback from the participants was obtained in a 
brief post-experimental interview. Surgeons' perception of the feasibility and the 
acceptability of this method was assessed using the following questions after the 
relaxation exercise: 
1. How did you experience this exercise? 
2. Were you able to put the instructions (see next section) into practice? 
3. Did you find this helpful to relax? 
4. What would improve this exercise? 
5. Do you regard this as an acceptable relaxation training method for surgeons 
aiming to improve intra-operative performance? 
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Procedure 
The surgeons were consented and completed a form with demographic data. Then the 
chest belt of the heart rate monitor was applied. The researcher monitored the 
participants' heart rate on the wrist unit. First, participants' heart rate was obtained 
and the STAI was filled in for baseline assessment. Then participants were given the 
following instructions as autogenic training exercise: 
"Please try and sit relaxed and comfortable, focus on your body, feel where your feet 
touch the floor. " 
Then the relaxation exercise started and was guided by the researcher, reading out the 
following, slowly and with pauses: 
"Imagine your arms, legs are heavy and relaxed, breathe in and out. 
Imagine your neck to be warm and relaxed, breathe in and out. 
Imagine your arms and legs are warm, breathe in and out. 
Your forehead is cool, and your thoughts come and go, relax, breathe... and slowly 
wake up. " 
The heart rate value was obtained and the STAI questionnaire was filled in. After that 
the feedback interview for evaluation was carried out. 
7.5.3.2.1 Data analysis 
Quantitative data were analysed descriptively. Any changes in the STAI and heart 
rate variables between pre- and post-exercise measures were calculated by 
subtracting the latter from the baseline values. Qualitative feedback data were 
summarised from the notes for each question. 
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7.5.3.3 Results 
Stress levels 
Heart rate was reduced effectively by all subjects, ranging from a difference of 20 
to 13 bpm (see figure 7.3 and table 7.4. ). Reading out the exercise instructions took 
approximately 3 minutes. Perceived stress level decreased for all surgeons from 2 to 
5 units as demonstrated in figure 7.3. 
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Figure 7.3. Changes in heart rate and STAI from baseline to the end of the autogenic 
training relaxation exercise. 
Heart rate STAI Heart rate Heart rate STAI STAI 
Changes score baseline Relaxed baseline relaxed 
bpm changes bpm bpm 
Surgeon 1 20 4 95 75 14 10 
Surgeon 2 18 5 80 62 11 6 
Surueon 3 13 2 93 80 8 6 
Table 7.4. Overview of quantitative results of relaxation exercise using autogenic training. 
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Qualitative feedback on feasibility and acceptability 
This exercise was perceived as moderately useful and acceptable. An overview of the 
findings is provided at However, the participants suggested other techniques such as 
imagery, e. g. surgeon 1 (see table 7.5). Moreover, the applicability of this method 
during surgery was doubted. 
Questions 
How did you 
experience this 
exercise? 
Were you able to 
apply the instructions? 
Did you find this 
helpful to relax? 
What would improve 
this exercise? 
Acceptable as part of 
a performance 
enhancing training for 
surgeons? 
Surgeon 1 
It is hard for me to 
do, I don 't really 
feel this heaviness 
and so. 
This is hard for me 
to imagine. 
For my personality, 
I use other 
imagination, not 
focused on my 
body. 
Something to focus 
on that distracts me 
from stress, 
pleasant thoughts. 
Yes, that might 
work for some 
people, but some of 
the male surgeons 
might not accept it. 
Surgeon 2 Surgeon 3 
Ok. I actually came 
across that before. 
I have done 
meditation 
techniques. 
I never gave it a Yes. 
thought how to 
relax during 
surgery. But what 
you just said did 
not work for me. 
I relax better using 
my own 
imagination, and 
thinking of nothing, 
rather than 
focussing on 
something. 
This can help, but 
not when I am 
operating, I would 
feel too keyed up. 
I would prefer 
practicing my own 
strategies, but I 
don 't know. I never 
thought about it. 
I don 't know, I 
never thought 
about it. 
A lot of the coping 
is also about 
reducing the stress 
that has built up 
before you go to 
theatre, and the 
scrubbing up is 
good for that. 
Surgeons will 
probably lack some 
insight, they don 't 
have an awareness 
of stress, and are a 
bit `above that'. 
The way of selling 
this is drawing the 
parallel to sports, 
something the-v are 
in touch tit'ith. 
Table 7.5. Overview of qualitative feedback on the autogenic training exercise. 
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7.5.3.4 Discussion 
Both quantitative stress measures, perceived stress and heart rate, were reduced by 
applying the autogenic training exercise. The perceived stress levels were reduced to 
a greater extent than during the biofeedback exercise. The participants found the 
autogenic training exercise more helpful to relax as they perceived none of the 
previous pressures related to the heart rate feedback. Two of the participants. i. e. 
surgeon 1 and 2, preferred not to focus on their own physical condition. They prefer 
to use distancing techniques to distract themselves from the situational stress, such as 
visualisation of relaxing images as they mentioned in the biofeedback exercise. It 
may be more acceptable to offer a choice of relaxation techniques, as indicated by 
surgeon 2's comment. The relaxation techniques do not necessarily be applicable 
during surgery, but may be useful as part of the preparation for cases or when 
surgeons are scrubbing up, as suggested by surgeon 3. The parallels to other domains 
should be emphasised in the training. Moreover, the lack of insight to the potential 
benefit of such strategies may influence surgeons' attitudes. The statements by 
surgeon 2 indicated that he had never considered this for performance improvement. 
Information of the nature and the potential influence of professional performance 
needed to be included in the SMT. Another important aspect influencing the relaxing 
effects of such training is regular practise to learn this technique over several weeks. 
It is unlikely that the full effect was experienced in this pilot relaxation exercise. 
7.5.4 Pilot study 3 on relaxation techniques: Guided Imagery 
7.5.4.1 Background and objectives 
The surgeons in Pilot Study 2 on relaxation techniques reported strategies of mental 
distancing using images of quiet calming scenes or thoughts of an upcoming holiday 
(see appendix F). Similar scenes were also reported in Interview Study I in 
connection with the `stop and stand back' strategy (see chapter 4). Interventions for 
controlling emotion and enhancing performance at sports competitions and for 
musicians include similar exercises as summarised in chapter 1.2. As this technique 
seems to be effective in other domains and was mentioned by surgeons in a previous 
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study of the research of this thesis, an imagery exercise was developed and its 
feasibility and acceptability was tested. 
7.5.4.2 Methods 
Samples measures and materials 
The methods of this pilot study were similar to the methods described in the pilot 
studies on biofeedback and autogentic training in this chapter. The same sample of 
surgeons was used. The same measures were assessed, i. e. the STAI and heart rate in 
bpm before and after the imagery exercise. The Polar heart rate monitor was used for 
measuring the participants' heart rate. Qualitative feedback from the participants was 
obtained in a brief post-experimental interview. Surgeons' perception of the 
feasibility and the acceptability of this method was assessed using the following 
questions after the relaxation exercise: 
1. How did you experience this exercise? 
2. Were you able to put the instructions (see next section) into practice? 
3. Did you find this helpful to relax? 
4. What would improve this exercise? 
5. Do you regard this as an acceptable relaxation training method for 
surgeons aiming to improve intra-operative performance? 
A guided imagery exercise for relaxation was developed for the purpose of this 
research. This exercise was adopted from training for musicians (Connolly & 
Williamon, 2004). For this pilot study, the exercise was audio-recorded on a compact 
disc which is attached to the back cover of this thesis. The surgeons were asked to 
listen to the CD and to follow the guided imagery instructions. 
Procedure 
The surgeons were consented and filled in a form with demographic data. Then the 
chest belt of the heart rate monitor was applied. The researcher monitored the 
participants' heart rate on the wrist unit. To begin with, the participants' heart rate 
was obtained and the STAI was filled in for baseline assessment. Then the 
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participants were given the head phones and listened to the guided imagery, exercise. 
The CD provided the following instructions: 
"To start with take a moment to relax. Then, let yourself imagine, one after another, 
the following sensory experiences: 
Now see: 
A sunset over the ocean, in beautiful colours, white clouds racing over the sky, a 
building that you like, a rose as it opens and blooms 
Now hear: 
The sound of a rain storm on a tin roof, church bells ringing in the distance, the 
sound of wind in the trees, your favourite piece of music, the voice of a famous 
singer, the sound of waves breaking on the beach 
Now feel: 
The sun on your back in the summer, a cool breeze on a hot day, jumping into a 
pool, the grasp of a firm handshake, walking barefoot on grass 
Now smell: 
Your favourite perfume, a newly mowed lawn, burnt toast 
Now taste: 
A cool refreshing drink, your favourite food 
Let the scene fade, slowly stretch, and open your eyes. " 
Next, the heart rate value was obtained and the STAI questionnaire was filled in. 
After that the feedback interview was carried out. 
Data analysis 
Quantitative data were analysed descriptively. Any changes in the STAI and heart 
rate variables between pre- and post-exercise measures were calculated by 
subtracting the latter from the baseline values. Qualitative feedback data were 
summarised from the notes for each question. 
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7.5.4.3 Results 
Stress levels 
As shown in table 7.6 and figures 7.6 and 7.7, the stress levels indicated by the 
surgeons' heart rate decreased. Subjects 1 and 3 also show reduced STAI values after 
the imagery exercise. However, participant 2 showed a small increase of self- 
assessed stress. 
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Figure 7.4. Changes in heart rate and STAI from baseline to immediately after the imagery 
relaxation exercise. 
Heart rate STAI Heart rate Heart rate STAI STAI 
changes changes baseline relaxed baseline relaxed 
Surgeon 1 6 5 74 68 15 10 
Surgeon 2 3 -1 71 69 8 9 
Surzeon 3 7 1 92 85 14 13 
Table 7.6. Overview of heart rate and STAI values at baseline and immediately after the 
relaxation exercise using imagery. 
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Qualitative feedback 
This exercise was perceived as easily applicable and pleasant. An overview of the 
qualitative feedback is provided in table 7.7. Suggestions for improvement such as 
adding background music were made. Nevertheless, regarding the benefit for surgical 
performance was questioned. 
Questions Surgeon 1 Surgeon 2 Surgeon 3 
How did you Fairly easy. Enjoyed to follow. Pleasant. 
experience this 
exercise? 
Were you able to Yes. Yes, no difficulties. Yes. Not difficult to 
apply the instructions? apply. 
Did you find this Fairly helpful, but I It was enjoyable. To some extent. 
helpful to relax? don't like the voice 
on the CD. 
What would improve Would be better if Has nothing to do Adding some 
this exercise? CD was faster, too with surgery. background music. 
much time between 
images. 
Acceptable as part of Yes. No. Maybe to reduce 
a performance stress this might 
enhancing training for help to improve 
surgeons? performance, but 
not sure. 
Table 7.7. Overview of qualitative feedback on the imagery exercise. 
7.5.4.4 Discussion 
All participants reported they were able to perform the imagery exercise. It was 
perceived as a pleasant and relaxing experience. This was the most acceptable 
relaxation method in comparison to the other piloted techniques. Physiological and 
perceived stress levels reduced slightly. However, surgeon 2 showed a marginal 
increase in his self-assessed stress levels. In this pilot study he had a low level of 
baseline stress which may have reduced the scope for decreasing his stress levels by 
this exercise. The opinions on the usefulness of these strategies for stress 
management in surgery varied. The surgeon with previous experience of similar 
exercises for enhancing sports performance acknowledged the potential benefit for 
surgical practice, in particular if applied pre-operatively. Hence, this exercise was 
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selected as an optional part of the SMT. Sufficient information on the potential 
benefit and use of the relaxation techniques was also provided. 
7.5.5 Conclusions for relaxation training 
The aim of these pilot studies was to select a suitable relaxation technique as a 
component of the surgical stress management training. Perceived stress was reduced 
most effectively during the autogenic training exercise. The participants were able to 
apply both autogenic training and imagery. Although biofeedback training led to a 
decreased heart rate in all subjects, it was the least effective method for reducing 
perceived stress. Biofeedback training using the available technology clearly lacked 
feasibility and acceptability and was therefore not considered as a relaxation training 
method. Guided imagery received the highest acceptability. However, the surgeons 
had a general tendency to doubt the potential benefit for surgical performance. They 
mentioned that the acceptability of such relaxation training module may be 
influenced by their professional culture. Sufficient information on the use and benefit 
of these strategies in other domains need to be provided. 
Limitations of this pilot study include the small number of participants and the use of 
only one session which does not allow for the full effects of such relaxation 
techniques (Steptoe, 1989a). However, testing feasibility and acceptability of the 
techniques was the main objective of this pilot study. Contrary to the literature 
biofeedback was not as feasible as the other relaxation techniques and therefore was 
regarded not suitable for the SMT. 
Both autogenic training and imagery exercise can be regarded as suitable exercises 
which can be offered to surgeons as performance supporting strategies. Providing 
different types of strategies enabled them to choose a strategy of their individual 
preference. Furthermore, a version with music was created. The autogenic training 
exercise was refined and adjusted from a relaxation exercise for musicians (Connolly 
& Williamon, 2004). Both exercises were provided with instructions drawing 
parallels to other professional domains and emphasising the use of these strategies 
enhancing mental rehearsal training and pre-operative as well as intra-operative 
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relaxation, depending on the individual preferences of the surgeons. The need for 
practising relaxation skills in order to achieve their full effect was emphasised. The 
relaxation exercises and information was provided in form of a written document 
(see appendix F), and in audio format on compact disc (see appendix H). 
7.6 Awareness and practise tool: Mental rehearsal training 
Mental rehearsal was a pre-operative strategy that surgeons mentioned in both 
interview studies. Mental training for surgeons had been suggested in the literature 
before, but it has not been formally established or integrated into educational 
programmes for surgeons (Immenroth et al., 2007; Sanders et al., 2004). However, 
they focus on motor task performance only, whereas in other domains emotional, 
cognitive and strategic aspects of performance were considered (Martin et al., 1999). 
For this study, information on cognitive training (in addition to the booklet) was 
provided. The surgeons received information on the performance enhancing effects 
of metal rehearsal techniques. A mental rehearsal exercise was developed integrating 
using the CEA simulation scenario as an example for visualising a surgical 
procedure. The background information and exercise instructions were edited as a 
concise written document which is provided in appendix F. Additionally the mental 
rehearsal exercise was provided in form of an audio-version as a guided imagery 
exercise on a CD (see appendix H). 
In order to overcome the limitations of current mental rehearsal trainings for 
surgeons, emotion, cognition, levels of alertness, strategic elements such as decision 
making and team communication were integrated in this visualisation training. 
Moreover, the imagery technique facilitated a deeper reflection on particular aspects 
of the operative phases and on the surgeon's own responses. Mental rehearsal can be 
used as a `diagnostic tool' for identifying different operative phases, e. g. the start 
phase of an operation including checks and preparations in contrast to time critical 
phases such as after applying clamps to the carotid artery during a CEA. These 
techniques aimed to enhance surgeons' awareness of the dynamic phases of the 
operation and of potential sources of stress. It may enable them to indentify when 
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particular coping strategies should be implemented to support their performance. 
This can be regarded as a `diagnostic' process where the surgeon reflects on their 
individual experience of the operation. The insight gained with the help of this 
method could then be integrated into the next stage of the training, i. e. the strategic 
planning of operations. At this stage the mental rehearsal would be used to practise 
the planned operation in form of a `cognitive simulation'. 
In summary, mental rehearsal can be applied at two stages in the SMT (see figure 
7.1). At the first stage, it provided exposure to intra-operative challenging situation in 
sensu and facilitates a greater awareness of stress during surgery and the 
identification of the need for coping strategies at a particular time. At the second 
stage, the mental rehearsal can be used to practise the planned operation in sensu. 
Hence, it represents an awareness and practise tool within the framework of the 
SMT. 
7.7 Individual preparation tool: Instructions for planning of the 
operation 
The SMT booklet provided a summary of possible strategies and techniques that the 
surgeons could choose from. It was made explicit that there are individual 
preferences which strategies may be suitable and applicable. It was emphasised that 
they were the experts for performing surgery and that they also have the greatest 
insight into their own practice and preferences. Hence, the surgeons - as the experts 
of themselves and the surgical task- were encouraged to choose the strategies they 
considered as most beneficial for themselves performing the operation. Suggestions 
for planning and preparing a case and integrating all aspects of the strategic plan in 
the mental rehearsal practice were provided as guidelines in written document (see 
appendix F). 
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7.8 Exposure tool: surgical simulation 
7.8.1 Introduction 
Using high-fidelity surgical simulations has been shown to be a suitable environment 
for exposure to intra-operative stress. In order to provide an opportunity for surgeons 
to experience a stressful situation in surgery the simulation of a CEA crisis scenario 
would be a feasible and safe environment. In addition, the simulation can be used to 
rate surgical skills as part of the evaluation of the training. Two comparable 
simulation crisis scenarios are required to assess skills before and after the 
intervention. The scenarios should, however, not be identical as the exact knowledge 
of the events during the operation would have been likely to confound the effects of 
the SMT on the surgeons' performance of the second scenario. Hence, two CEA 
scenarios were developed, one using the previously evaluated CEA crisis simulation 
design (as described in chapter 3). The second scenario was a crisis scenario where 
an additional challenge regarding the intra-operative decision-making was included. 
The complexity of this simulation required the collaboration' 3 with a surgeon (AG) 
who had sufficient experience with CEA and was able to contribute to the design of a 
realistic and feasible scenario. In addition, a senior consultant in vascular surgery 
(DB) supported the pilot phase of this research. For this study, no collaborating 
nursing team was available as for the simulation study described in chapter 6. 
Therefore, students were trained for the role of scrub nurses for these two scenarios, 
which formed an additional preparation element in the development of the 
simulations for this study. This is described in detail in section 7.8.4. 
7.8.2 Development of the simulation scenario 
Two CEA crisis scenarios were developed, facilitating the assessment of procedural 
surgical skills. Whereas scenario 1 was similar to the CEA crisis scenario used in 
previous studies, scenario 2 represented a novel design. It also included the intra- 
operative stroke of the simulated patient, but was created in order to assess surgeons' 
13 The collaborating researchers on this study were Mr Akram George and Mr Duncan Black. 
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decision making reflected in observable behaviour. Both scenarios had to be feasible 
for creating a realistic intra-operative situation including the communication of the 
simulated patient (SP) and a simulated anaesthetist (SAN). Professional actors 
portrayed these roles. 
7.8.2.1 Scenario 1 
The CEA crisis scenario described and evaluated in chapters 5 was used as a first 
simulation for the surgeons to experience a stressful intra-operative situation. In order 
to simplify this for the new simulation team we excluded dislodging the shunt by the 
surgical assistant. A positive team interaction was important to encourage 
participation in the study and in a second simulation. 
7.8.2.2 Scenario 2 
The second CEA crisis scenario was simi to the first scenario. However the surgeons 
would only be challenged if there was a different course of action than compared 
with simulation 1. The research team decided to include a scenario where the 
simulated patient displayed symptoms of a stroke requiring shunt insertion, 
recovered, but then displayed the ischemic symptoms again 5 minutes after recovery, 
resulting in loss of consciousness. The surgeon would need to reassess the situation 
and check all possible causes for the re-occurrence of the ischemic symptoms. These 
include: 
1. Recognising the new crisis situation and the need for action, 
2. Checking the blood flow through the inserted shunt and ideally flushing the 
shunt, 
3. Checking that the shunt was inserted appropriately 
In this scenario design, none of the surgeon's actions would lead to a recovery of the 
patient. This implied that the simulated patient had suffered a haemorrhage in the 
brain, which had led to a stroke during the operation. The surgeon was not able to 
influence or change this crisis event in this scenario. The surgeon was required to 
recognise this situation by the interative assessment process explained above, and 
then to decide on the next steps. An appropriate response at this stage of the scenario 
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would be to discuss the situation with the anaesthetist and to convert from local to 
general anaesthesia. Under general anaesthesia the life functions of the patient can be 
controlled and stabilised. Once the simulated patient was intubated for general 
anaesthesia, the surgeon could continue and finish the operation without further 
interruption. 
The surgeon's decisions were indicated by their behaviour, such as technical actions 
to check and flush the shunt or their communication with the simulated anaesthetist. 
This facilitated the collection of observational data which reflected the surgeons' 
cognitive performance, including knowledge, judgement and decision-making. 
7.8.3 Simulation team training for actors 
The simulated operating team included actors portraying the simulated patient (SP) 
and the simulated anaesthetist (SAN). The simulated operating team included only 
one member with a professional background in health care: the surgical assistant in 
the simulation, portrayed by the collaborating SpR with experience in vascular 
surgery (AG). Training for the actors as members of the simulated operating team for 
this specific study needed to be developed. 
The actor team training included the following modules: 
1. Information for the actors about the new simulation study and the scenarios 
2. Feedback from actors on what was required to enable them to study and 
perform their roles 
3. Creating a script for the actors and a structure of the simulated operating team 
communication 
4. Piloting the simulation scenarios followed by feedback for the actors from the 
surgeon and discussion of remaining questions. 
7.8.3.1 Introduction of the simulation scenarios 
All four actors were invited to a meeting and were given a presentation on the 
simulation stud}, including objectives of the stress management intervention, the 
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planned study design and the two scenarios. Practicalities were discussed and the 
actors explained what information and tools for studying and preparing their roles as 
SP and SAN were needed. The required materials included a script which would 
facilitate their full understanding of the scenarios. The script was also required to 
enable them to respond to the surgeon in a knowledgeable way, depending on the 
surgeon's actions. Moreover, a character for each role needed to be developed, the 
terminology needed to be provided and explained, and some practical aspects such as 
suitable cues indication particular actions of the SP and SAN during the simulation 
were discussed. Furthermore, skills such as helping the surgeon with dressing in the 
sterile theatre gowns, reading the anaesthetic monitor, timing of phases of the 
operation, and communication with the simulated patient and the surgical assistant 
had to be learnt. 
7.8.3.2 A novel script for the simulation team training 
For the experimental study described in chapter 6, professional actors had been 
trained as simulated patients and simulated anaesthetists (Black et al., 2006). Based 
on this simulated patient (SP) training new script for the scenarios used in this study 
was required (see appendix F). Detailed information was essential to facilitate the 
realism of the simulation and to initiate the planned crises with the right timing and 
context. To reduce the complexity of the team interactions was a priority. The script 
included two levels of description. At level one, three typical patterns of 
communication during the simulated operation were described. This reduced the 
information of the complete scenarios to 3 interaction components. These 
components represented three operative phases: `baseline', `crisis' and `continuing 
crisis'. At level 1 of the script, the three phases were described in detail for each 
role. At level 2 of the script, the scenarios were presented in form of a table including 
a sequence of the three main components for each scenario (see appendix F). The use 
of communication units instead of detailed text reduced the complexity of the 
scenarios and facilitated a better understanding of the medical scenarios for lay 
persons. Moreover, this method entailed flexibility for the composition of several 
scenarios that all consist of only 3 main components. 
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7.8.4 Training for simulated nurses 
Training a student for the role of the simulated operating theatre nurse represented a 
feasible alternative to a professional nurse. This training was performed separately to 
the actor training. The students were not professional actors and the role required 
different skills. Whereas the SAN and the SP were leading on the flow and progress 
of the simulation scenario, the simulated nurse (SN) would mainly follow the 
requests of the primary surgeon. The challenges for this role included identifying 
surgical instruments, handling these instruments correctly and handing these 
instruments to the surgeon. 
The training took place in the SOT at St Mary's Hospital and included four stages: 
1. Handling surgical instrument 
2. Handing surgical instruments to the surgeon 
3. Receiving surgical instruments in the role of the surgeon 
4. Integration in the simulation team. 
To start with, the students received information on the planned stress management 
intervention study. An operating theatre nurse at St Mary's Hospital provided 
information on the names of the surgical instruments for a CEA, how to set up the 
instrument trolley and how to handle the instruments appropriately as figure 7.5 
illustrates. This included mounting a needle on the needle holder, opening and 
closing mosquito clips and vascular clamps, and applying, removing and disposing 
blades from a scalpel handle. 
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Figure 7.5. Training on instrument 
handling for a simulated carotid 
endarterectomy for students for the role 
as simulated operating theatre nurses. 
Instructions were provided by a operating 
theatre nurse (person on the left) at St 
Mary's Hospital, London. 
After that the students learnt how to hand the instruments to the surgeon and in what 
order, depending on the steps of the surgical procedure. During this exercise, the 
nurse (or the researcher) covered the role of the surgeon receiving the instruments 
and provided instructions and feedback. This is illustrated in figure 7.6. 
Figure 7.6. Exercise for simulated 
operating theatre nurses (person on the 
left) on handing surgical instruments to 
the surgeon during a simulated carotid 
endarterectomy. Instructions and 
feedback was provided by an operating 
theatre nurse (person on the right) at St 
Mary's Hospital, London. 
In order to optimise these skills each student experienced the role of the surgeon 
asking for the next instrument and receiving it. This highlighted for the learner the 
importance of having the instruments available at the right time and receiving them 
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in the right way, i. e. placed directly into the palm of the surgeon's hand, ideally with 
force which facilitates an ergonomically convenient operative process for the 
surgeon. Furthermore, observing the operative process and anticipating the surgeon's 
next steps is essential for effective assistance. Hence, this exercise provided training 
for both students in the nurse's role in handing instruments as well as for the student 
receiving them. This exercise is demonstrated in figure 7.7. 
Figure 7.9. Exercise for simulated operating 
theatre nurses on handing instruments and 
receiving surgical instruments for a simulated 
carotid endarterectomy. 
7.8.5 Bringing the simulation team together: Pilot simulations with actors, 
students and medical staff 
Before the simulation, a team briefing was carried out, including an introduction of 
each team member and their role, the steps of the planned scenario. Both CEA crisis 
simulation scenarios, i. e. scenario 1 and scenario 2 were piloted with a full operating 
team and a surgeon as study participant who received the stress management training. 
After each of the two pilot simulations there was a team debriefing with the vascular 
consultant (DB) providing feedback for all simulation team members. 
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7.9 Feasibility study on the surgical stress management training 
7.9.1 The surgical stress management intervention procedure 
The surgeons who participated in the SMT passed through a sequence of training 
modules. All training materials are provided in appendix F and H. To start with they 
received information of the training and the training modules. Then the baseline 
information of the text book (Harris, 2000) was provided. The participants received 
the patient information notes and consented the SP and after that they performed the 
CEA crisis scenario 1 in the SOT. After that, they received the booklet for self-study 
at a time of their own choice. This was followed by a meeting with the researcher 
where questions regarding the content of the booklet could be clarified. Then the 
researcher conducted a mental rehearsal exercise of the CEA in interaction with the 
surgeon. The researcher guided the imagery process as provided in the mental 
rehearsal training information. After this training session the surgeons received the 
written information on mental rehearsal and relaxation including the audio version in 
the CDs, and the instructions for strategy selection and preparing the second 
simulation. All participants were offered feedback on their procedural skills after the 
second simulation. The feasibility of this training package was tested with a surgical 
SpR as participant. This feasibility study is described in the next paragraph. 
7.9.2 Feasibility test of the surgical stress management training package 
7.9.2.1 Objective 
The feasibility of the complete procedure of the surgical stress management training 
was tested. The opinion of the participating surgeon and was of interest. Furthermore, 
an expert surgeon advised on the design of the simulation tool. 
7.9.2.2 Methods 
The participating surgeon was recruited in the Department of Biosurgery and 
Surgical Technology, Imperial College London. He was a surgical SpR with 8 years 
of experience in surgery and had previously performed 20 CEAs. A senior consultant 
(DB) in vascular surgery agreed to support the pilot phase of this study. He provided 
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feedback on the simulation tool, including the set up, the scenarios and the 
interaction of the simulation team members. 
The participant was informed about the nature of this study as a feasibility test and 
agreed to provide feedback. He received the baseline information, and then 
performed simulation 1. In this pilot simulation, the vascular consultant (DB) was 
present and covered the role of the surgical assistant during the simulation. 
Before and after each of the simulation the surgeon was briefly interviewed. 
The question before simulation 1: 
1) What are your expectations regarding this stress management training? 
Interview questions after simulation 1 included: 
1) How did you experience this simulation? 
2) What stress management strategies would you most interested in? 
Interview questions before simulation 2 included: 
1) Were you able to perform the SMT as requested? 
2) Have you got any questions? 
3) Is there anything else that you would like to mention? 
Interview questions after simulation 2 included: 
1) How did you experience this simulation? 
2) How did you experience the SMT? 
3) Was there anything unhelpful in this training? 
4) How important was the experience of the simulation as component of the SMT? 
The data were recorded in form of free text. In addition, the unstructured 
observations by the researcher were recorded in form of free text. This included the 
feasibility of the intervention and the feedback of the vascular consultant. Key 
information from these data were summarised. 
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7.9.2.3 Results 
Expert feedback on the simulation tool 
The feedback on the simulations included minor aspects such as timing of the crisis 
initiation and suggestions of typical phrases which an anaesthetist would use. The 
feedback for the simulated nurses included mostly aspects of behaviour in the 
operating theatre environment, e. g. that wearing sterile gloves implied that non- 
sterile objects must not be touched. 
Feedback from the participating surgeon 
Before the surgeon performed the first simulation he had no questions and did not 
indicate any concerns. 
After simulation 1, the participant reported that he needed to be familiar with the 
synthetic model. As he had not seen this model before, he had uncertainty regarding 
the presented structures. He suggested providing more information on the 
performance of the procedure using this model. Regarding his perceptions of stress 
he reported that he was not surprised about the crisis, but he perceived himself as 
very slow in his decision making. When asked what stress management strategies he 
would be most interested in, he indicated effective team communication and 
expressed an interest in learning about other coping strategies. He also reported that 
he tried to rationalise the event in order to distance himself emotionally. After the 
feedback interview, the SMT booklet was introduced to the surgeon. 
The feedback on the booklet was very positive. The surgeon reported that it was 
written clearly. There were no new strategies for him, but it provided a good 
overview of strategies to choose from. The summary of strategies to one framework 
was perceived as very beneficial. 
The mental rehearsal guided by the researcher was perceived as an interesting 
experience and the surgeon found the exercise useful. He demonstrated a very good 
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understanding of the technique. After the mental rehearsal exercise he agreed to try 
the relaxation exercise and to use the mental rehearsal for preparing the next 
simulation. 
The second simulation was scheduled one week after the first simulation. The 
surgeon emphasised that this had been far enough time to practise the stress 
management strategies and that he had visualised the case several times. He had no 
question regarding the SMT or the following simulation. He commented that he felt 
"good" and as "in the zone ". 
After the second simulation he reported that the experience of the simulation was 
positive. He felt better prepared and had more "peace in his head". Furthermore, he 
reported that during the simulation he tried to acquaint himself with the other team 
members. He had used the `scrubbing up process' to visualise the case and to reduce 
his tension. He reported that he went into the operating theatre and had expected the 
worst, but he reported to have had a different approach: 
"I accepted the crisis to happen, / thought `let's see', and then let's deal with it. " 
Moreover, the surgeon reported that he had deliberately tried to keep his muscles 
relaxed when he felt aching in his back and shoulders. He had prepared the dialog 
with the patient and the assistant and then applied that during the case. He used the 
instructions to the assistant to actually talk himself through the procedure. He tried to 
ignore unhelpful comments by the anaesthetist and instead focused on the steps of the 
operation. 
As feedback on the SMT, the participant had perceived it as useful as it provided a 
fast variety of techniques. When asked what he regarded as particularly helpful, he 
replied: 
"It gives me a chance to choose what I want. " 
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There were no unhelpful elements mentioned. When asked, he answered that the 
overall training was "very positive" for him. The experience of the simulation as part 
of the SMT was perceived as very important: 
"Yes, you have to be in the environment. The human thing helps, otherwise this 
would be meaningless. " 
7.9.2.4 Discussion 
The overall feedback of the participant of the SMT was positive. The simulation was 
perceived as a useful tool for this training. Moreover, the booklet and both the 
relaxation training as well as the mental rehearsal were practised and perceived as 
beneficial. The surgeon felt better prepared and was able to apply strategies 
suggested in the booklet such as improving focus using self-talk. This surgeon 
decided to use the instructions to the assistant to actually guide himself instead of 
silent self-instructions. The surgeon's awareness of his physical discomfort had 
increased as he reported pain in his shoulders during the case. The variety of 
strategies offered by the SMT and the explicit summary of these strategies in a 
structured framework was acknowledged as being particularly useful. However, the 
initial uncertainty regarding the anatomic structures presented by the model was a 
suboptimal aspect of the simulation. 
7.9.3 Conclusions 
The stress management training represented a useful intervention, despite the fact 
that the surgeon already knew the strategies as such. 
In addition to the text book chapter on performing a carotid endarterectomy (Harris, 
2000), an educational video showing the steps of this procedure performed on the 
synthetic bench model was created for this study (see appendix H). For the 
educational purpose of this video, an expert surgeon (DB) introduced the 
characteristics of the synthetic model, performed the simulated CEA on the model 
using the standardised instrument set and commented on each of the surgical steps. 
This was integrated as an additional baseline information tool. Table 7.8 provides an 
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overview of all tools developed for the intervention study. The evaluation of the 
SMT is presented in chapter 8. 
SMT stages SMT tools Function of tools 
Baseline information Text book chapter Providing information on steps of the 
operation for facilitating a standardised 
procedural plan for performing the 
simulated CEA 
Educational video Introduction of the characteristics of the 
model, steps of the procedure and 
available surgical instruments for the 
simulated CEA 
Exposure Simulation I Experiencing a stressful intra-operative 
situation in a safe environment; 
facilitating pre-interventional assessment 
Knowledge SMT booklet Providing information on surgical stress 
management strategies 
Awareness Mental rehearsal Enhancing the awareness of surgical 
stressors, stress responses, aspects of 
performance, operative phases and the use 
of and need for coping strategies 
Preparation Instructions on Individual selection of coping strategies 
strategic planning and integrating these into planning the 
second simulated CEA 
Practice Mental rehearsal Practicing the performance of the next 
CEA as planned 
Relaxation training Practice tools on relaxation as a general 
stress management skill that can be 
integrated into surgical coping 
Application Simulation 2 Application of the strategic plan as 
required in the safe environment of the 
simulated CEA; facilitating post- 
interventional skills assessment 
Table 7.8. Overview of stages of the surgical stress management training package, tools 
developed for this study and their function as part of the intervention. 
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8. EVALUATION OF A STRESS MANAGEMENT INTERVENTION FOR 
SURGEONS 
8.1 Introduction 
Surgery is one of the most demanding medical specialties (Thomas, 2004) and stress 
has been shown to impair surgical performance. However, stress management 
training for surgeon has not been developed and evaluated. Current training uses high 
fidelity surgical simulations which provide the opportunity of exposing the surgeons 
to a stressful intra-operative situation. Crisis simulations have been implemented for 
surgical training on technical skills and team communication (Moorthy et al., 2005; 
Brewster et al., 2005; Undre et al., 2007a). However, their influence on surgeons 
stress and coping has not been investigated. This study evaluated the effectiveness of 
surgical stress management training. 
The previous chapter presented a surgical stress management intervention package 
aiming to reduce stress and to enhance surgeons' coping skills and their operative 
performance. The content of the training was based on findings on stress and coping 
in surgery presented in section 2 of this thesis. A broad variety of coping strategies 
which were likely to have beneficial effects on surgeons' operative skills was 
summarised into a booklet for the participants for self-study. In addition, methods for 
performance enhancement and stress reduction used in other professional domains, 
i. e. mental rehearsal and relaxation techniques, were integrated in the intervention. 
Due to the novelty of this work, the nature of this study is largely explorative. The 
objectives of this study were twofold. The first was to evaluate the efficacy of 
surgical stress management training (SMT) intervention. Secondly, it should provide 
a platform for developing this training approach further. Hence, this study can be 
regarded as pilot work for developing a training programme on surgical stress 
management skills which would effectively and positively influences surgeons' 
performance. 
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A comprehensive evaluation was a priority of this research. A "variety of 
methodological aspects were considered in the evaluation of the SMT. In accordance 
with Kirkpatrick's model on levels of evaluation of educational interventions 
(Kirkpatrick, 1967), the acceptability of the intervention, acquired knowledge and 
skills, the ability to apply those skills and the impact of changes on the professional 
outcomes, i. e. surgical performance, were considered. In addition, the data gained in 
this study were used to reproduce the results derived in earlier work reported in 
chapter 6. The replication of the explored associations of stress, surgical coping and 
performance were the main point of interest when using this new data set. The results 
of this analysis contributed to the validation and extension of the theoretical model, 
i. e. SCOPE, developed in this thesis as described in chapters 4 and 6. 
Previous research presented in section 2 of this thesis has provided evidence that an 
increased number of surgical coping strategies positively influence surgical 
performance. Subsequently, the training aimed to enable surgeons to increase their 
use of these strategies. Furthermore, high stress levels were shown to be detrimental 
to surgical performance. Hence, the SMT included elements which would potentially 
reduce surgical stress. Mental rehearsal practise facilitates an exposure in sensu to 
challenging situations and mental preparedness. The combination of the experience 
in the simulation, the mental rehearsal and the relaxation practise may contribute to 
reducing high stress levels during surgery. The following research questions were 
considered: 
1) Which variables were influenced by the SMT? 
a) Did the SMT influence surgeons 'performance during challenging surgical 
procedures? 
b) Did the SMT influence the application of surgical coping strategies? 
c) Did the participation in the SMT influence surgeons' stress levels during 
surgery? 
?) How were coping, stress, and surgical performance measures related in this new 
data set? Could previous findings of the influence of stress and coping on 
performance be replicated? 
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In order to overcome the limitations of the literature, these points of interests were 
investigated using quantitative research methods (Green & Britten, 1998: Wilkes & 
Bligh, 1999). A randomised control group design was used to test the effects of the 
intervention on surgical performance, surgeons' stress responses and their coping 
activities before and during a simulated surgical procedure. This facilitated the 
assessment of surgical performance, stress responses and numbers of surgical coping 
strategies employed during the simulation. Two simulations were performed. 
Simulation 1 was used to provide an individual baseline of surgical performance and 
stress levels during a simulated crisis scenario for the statistical data analysis. This 
enabled for the analysis of changes from simulation 1 (i. e. before the intervention) to 
simulation 2 (i. e. after the intervention) in the variables of interest within each 
experimental group. However, performing simulation 1 also represented an exposure 
to intra-operative stress. In that sense, the control group has received one component 
of the SMT package. Hence, the exploration of changes in stress and performance 
due to mere exposure to the simulated crisis operation provides valuable information 
on the effects of this experience. 
The first part of the results of the statistical data analysis describes the changes in 
performance, coping, and stress measures between simulation 1 and 2 within each 
experimental group. After that, the effectiveness of the SMT package was 
investigated in comparison to the control group, i. e. between-subject changes. Further 
research questions considered the participants' perceptions of what the SMT 
included: 
3) Was the SMT intervention perceived as acceptable by the participants? 
4) What were the perceived benefits of participating in this intervention? 
5) What aspects of the training were perceived as unhelpful? 
6) How could this SMT intervention be improved? 
Background data including demographic information describing the subjects, their 
motivations to participate in this study and practicalities observed by the researcher 
conducting the SMT were obtained. Hutchinson (1999) emphasised the importance 
of this information as it contributes to a better interpretation of the findings. 
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In summary, this study provides a comprehensive evaluation of the SMT intervention 
package, using a variety of variables and qualitative and quantitative research. 
Background information, perceptions of the participating surgeons and objective 
measures of surgeons' stress and surgical performance were used for evaluating the 
SMT and gaining insight into potential improvements of this intervention. 
8.2 Methods 
8.2.1 Participants 
The participants were surgeons who were at an experience level at which they would 
be able to perform a CEA as primary surgeon. As this is an advanced surgical 
procedure involving a risk of stroke for the patient during the operation, a consultant 
surgeon would normally support a SpR during this operation. This training was not 
offered to junior surgeons at SHO level nor to consultant surgeons. The reason for 
this limitation was to minimize the variance of the level of professional experience in 
order to ensure the comparability of the subject groups in this study. Furthermore, 
SHOs were excluded as they would not be able to perform this operation in real life. 
Consultant surgeons are likely to have a high standard of proficiency and the scope 
for performance improvement due to the SMT would be lower than that in slightly 
less experienced surgeons. In the study presented in chapter 6, the effect of the 
interaction of experience and stress levels on surgical performance supported this 
hypothesis. The inclusion criteria for the recruitment of participants for this study 
were set at a minimum of two years experience at the level of a specialist registrar 
(SpR), previous experience in vascular surgery and the observation of at least one 
CEA in real life. The surgeons were recruited from the surgical departments of St 
Mary's Hospital, London, and from educational courses for surgeons at the 
Department of Biosurgery and Surgical Technology, Imperial College London. 
Ethical approval was obtained from St Mary's Hospital NHS Trust. 
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8.2.2 Design 
A randomised control group design was used to investigate the effects of the SMT on 
surgeons' operative performance during a simulated carotid endarterectomy (CEA). 
In each group, eight participants were included and assessed during two crisis CEA 
simulations. The simulation scenarios are described in chapter 7. The intervention 
group (IG) received the SMT after performing simulation 1 whereas the control 
group (CG) received no treatment. The outcome variables on stress levels, coping 
and surgical performance during simulation 2 were adjusted for individual baseline 
values and compared between IG and CG. After the second simulation all 
participants provided a qualitative feedback about their experience. 
8.2.3 Materials 
The tools developed for this study are described in detail in chapter 7. They included 
a booklet on surgical stress management techniques, training on mental rehearsal and 
relaxation techniques, instructions for strategic planning of an operation including 
surgical coping strategies and instructions on practising the individual plan using 
mental rehearsal as preparation for a simulated CEA. All participants received a copy 
of a textbook chapter and an educational video on the performance of the simulated 
CEA using the model and the set of instruments selected for this study. The materials 
are provided in appendix F and appendix H, i. e. the compact disc in the pocket of the 
back cover of this thesis. 
8.2.4 Measures 
8.2.4.1 Demographic and background measures 
The participants' age, gender, number of years of experience in surgery, number of 
CEAs performed as primary surgeons and the number of observed or assisted CEAs 
were assessed. Furthermore, the surgeons' motivation to participate in this study was 
assessed using a checklist in which multiple answers were possible. The 
questionnaires are provided in appendix G. 
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Observations of general perceptions of motivations and attitudes of the participants. 
practicalities and the time of conducting this study were included as an additional 
source of information. They were recorded in form of free text (field notes) and 
summarised. 
8.2.4.2 Measures for validating the simulations as framework for intra-operative 
stress assessment 
The simulations included the consent procedures with the simulated patient (SP), the 
behaviour of the SP during the scenarios, the simulated operating team, the simulated 
operating theatre set up, the scrubbing up process, the crisis scenario and the global 
realism of the simulation. The realism of both of the simulated CEAs was assessed 
using rating scales that were specifically developed for this study and ranged from 0 
to 10, with 0 representing `not at all realistic' and 10 representing `totally realistic'. 
They are provided in appendix G. 
A questionnaire was used to assess the intended creation of sources of stress in the 
simulation scenarios. It was developed for this study and included the surgical 
stressors selected for this simulation and stressors which were found in the previous 
simulation-based study described in chapter 6. These stressors included: the 
simulated crisis, time pressure, technical challenge, general risk of complications, 
suboptimal performance, immediate decision-making, unfamiliarity with the 
simulation environment, performance anxieties, team communication problems and 
multitasking. The items were rated on a scale from 0 to 10, with 0 indicating that 
there was no stress perceived due to the potential stressor and with 10 indicating that 
the participants felt totally stressed due to the potential stressor. This rating of 
stressors is also included in appendix G. 
8.2.4.3 Measures evaluating the perceived benefit of the intervention elements 
The participants indicated on a scale from 0 to 10 (i. e. `not at all' to `totally') how 
beneficial they perceived the elements of the SMT were to their surgical competence. 
The items included the experience of the simulation, the information in the booklet 
on surgical stress management strategies, reflection on the use of strategies and 
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planning the next CEA, relaxation training, mental rehearsal training and the overall 
stress management training package. The questionnaire is provided on the evaluation 
form in appendix G. The number of times they practised the mental rehearsal and the 
relaxation training was also recorded 
8.2.4.4 Qualitative feedback evaluating the simulation 
A brief feedback interview was conducted with the surgeons following a semi- 
structured topic guide. The questions included: 
1. How did you experience this training? 
2. What have you gained from participating in this training? 
3. What did you perceived as unhelpful? 
4. How could this training be improved? 
The participants' feedback was obtained in form of free text, and the key information 
was transcribed as verbatim quotations. In addition, a form was attached to the 
booklet on surgical stress management asking the participants to indicate which 
strategies they considered were most important. 
8.2.4.5 Stress measures 
Surgeons' stress levels were assessed using the following measures: 
1) The short version of the State-Trait-Anxiety-Inventory (STAI; Marteau & 
Bekker, 1992); 
2) Observer rating by the surgical assistant (SA) on a scale from 0 to 10, with 0 
representing `not at all stressed' and 10 representing `totally stressed', 
depicted in appendix A; 
3) Heart rate (HR) in beats per minute (bpm) and heart rate variability (HRV) 
measures in a defined period of time. The obtained HRV measures included 
the mean of the R-R interval (NN) in ms, the standard deviation of the R-R 
intervals (SDNN) in ms, the ratio of low frequencies (LF; 0.04 - 0.15 Hz) and 
high frequencies (HF; 0.15 - 0.4 Hz) which are power-spectral-analytically 
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indentified by the recording device. The HRV coefficient (C_HRV) was 
calculated using the following formula: 
C HRV = SDNN/NN* 100. 
C HRV, and LFHF were included in the statistical data analyses. The data 
were recorded throughout the experimental procedure using a wireless heart 
rate monitor (S801 i, Polar, Kempele, Finland); 
4) Salivary cortisol was obtained using sterile cotton wool swabs which the 
surgeon chewed for one minute and were then stored in small plastic 
containers (Salivettes, Sarstedt, Nuembrecht, Germany). 
8.2.4.6 Coping measures 
The number of coping strategies applied during the simulation was obtained using a 
questionnaire specifically developed for this research, i. e. the Surgical Coping 
Questionnaire (SCOPE, see appendix G). This questionnaire represented all coping 
strategies identified in the previous study. Some coping strategies were represented 
by several items. For example, `checking surgical equipment' was represented by two 
items: `checking the availability' of equipment and `checking the functioning' of the 
equipment. The SCOPE included 70 items in total. The participants ticked the boxes 
referring to the strategies they had used previously and during the simulation. The 
total number of strategies indicated on the questionnaire was used as one of the 
variables (NC_Q). 
8.2.4.7 Measures of surgical performance 
Four measures of surgical performance were used. These included procedural skills 
assessment, i. e. technical and non-technical skills ratings, and the assessment of the 
surgical end-product (see appendix B). In addition, surgical decision-making during 
the simulated crisis was assessed at simulation 2. 
1) Technical surgical skills were assessed using Objective Structured Assessment of 
Technical Skill (OSATS; Martin et al., 1997). This rating scale includes various 
technical aspects of surgery, such as the correct use of surgical instruments or 
careful handling of human tissue. 
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2) Non-technical skills were assessed using Observational Teamwork Assessment 
for Surgery (OTA; Undre et al., 2007b), including various aspects of team 
communication during surgical procedures, e. g. `clear communication with 
anaesthetist' or `supportive of other team members'. 
3) The quality of the operative end-product was assessed using End Product 
Assessment Rating Scale (EPA; Black et al., 2007). It reflects the condition of the 
carotid artery model after finishing the simulated carotid endarterectomy. 
4) The decision-making measure (DM) represents an observer rating of the 
surgeon's iterative re-assessment and decision process of the simulated crisis 
during scenario 2. The surgeon's recognition of the clinical problem and their 
decisions were reflected in their observable behaviour. The actions of the surgeon 
were specific to the simulation scenario which is described in detail in chapter 7. 
The rating form is shown in appendix G. 
8.2.5 Experimental procedure and data collection 
An overview of the experimental protocol is provided in table 8.1. The allocation of 
the participants to the IG and CG was randomised. The days for which simulations 
were scheduled were defined either as IG or as CG days alternately. 
Before simulation 1, the surgeons arrived in operating theatre attire in the meeting 
room opposite the Simulated Operating Theatre (SOT) at St Mary's Hospital. The 
baseline heart rate was measured during a5 minute resting time. After that the 
surgeons filled in the short version of the STAI and a questionnaire for obtaining 
demographic and background data. Salivary cortisol was obtained for baseline 
assessment. Then the surgeon received the patient information notes, information 
about the simulation team and the available instruments. The surgeons were not told 
that the simulated nurses and the simulated anaesthetist were actors. The document 
with the information for the participant is provided in appendix G. After that, the 
surgeon consented the SP. Then the surgeon entered the SOT he was provided with 
non-sterile operating attire such as masks and hat and then went to `scrub' using a 
sink in the adjunct control room. After that they returned to the SOT and performed 
the simulated CEA scenario 1. 
254 
After the simulation, the surgeon completed the stress questionnaire and a simulation 
evaluation questionnaire which assessed the realism and sources of stress during the 
simulation. Salivary cortisol samples were obtained immediately after the operation 
and further samples at a 10 minute interval. A minimum of two samples were 
obtained from each surgeon. If the participants were available longer, then another 
two saliva samples were collected. 
The ratings of surgical procedural skills and of the surgeons' decision making were 
performed by the collaborating research fellow (AG) using a video recording of the 
simulation. The quality of the surgical end-product was rated using the actual models 
of the arteries. 
For those allocated to the CG, a date for simulation 2 was arranged which was 
scheduled no earlier than one week after simulation 1. The surgeons in the IG 
received the SMT booklet and an individual meeting to clarify questions regarding 
the booklet and to discuss the preparation of the second simulated CEA was 
arranged. These appointments with the researcher were scheduled at least one day 
after simulation 1. In this meeting, any questions regarding the booklet were 
discussed. The participants returned the questionnaire on surgical coping strategies 
that they applied during the simulation. Then the mental rehearsal technique was 
introduced to the surgeon. They were offered the opportunity to perform a mental 
rehearsal of a CEA guided by the researcher. Then the participants received all 
documents and a CD for self-study with information and instructions on mental 
rehearsal, relaxation exercises and on the preparation for the next simulation. If a 
participant was not able to attend the meeting with the researcher they were provided 
with the information and instructions on mental rehearsal in form of a written 
document and with the audio version on a CD only. At the same time, they received 
the instructions for planning and preparing the operation and the CD with relaxation 
exercises. The training documents are provided in appendix G and the audio version 
of the mental rehearsal and the relaxation training is attached to the back cover of the 
thesis (appendix H). All participants were offered the opportunity to contact the 
researcher for any questions. Then a date for the second simulation was arranged. 
255 
The experimental procedure before simulation 2 was identical to the procedure as 
described for simulation 1. Salivary cortisol was obtained immediately after the 
simuation as described for simulation 1. The surgeons filled in the STAI and the 
SCOPE. After that the surgeons provided feedback on the surgical stress 
management training in a brief individual interview and filled in the SMT evaluation 
form. Some participants provided additional feedback on the sheet attached to the 
booklet. After that the surgeons were offered feedback on their performance. 
After simulation 2the CG received the full SMT material. They were asked to read 
the booklet and to fill in the coping questionnaire after that. 
Experimental Tools IG CG 
phases 
Assuring basic Text book information on CEA under local 
knowledge of anaesthesia; 
participants Educational video on performance of a CEA on the 
synthetic model for simulated CEA;   
Clarifying questions of the participants regarding 
surgical technical performance of the simulated 
CEA with the surgical research fellow (AG) 
Simulation I CEA crisis scenario 1:   
Intra-operative stroke requiring shunt insertion 
SMT part I Introduction of the SMT booklet  
SMT part 2 Individual study of the SMT booklet  
SMT part 3 Background information on mental rehearsal 
training and relaxation training; 
Individual training session with the researcher on  
mental rehearsal or training using audio version 
provided on CD 
SMT part 4 Individual mental rehearsal for identifying  
performance related stress and coping strategies 
SMT part 5 Individual strategic planning of the operation  
SMT part 6 Practicing the performance of the simulated CEA 
using mental rehearsal; optional practice of  
relaxation technique 
Simulation 2 CEA crisis scenario 2: 
Intra-operative stroke continuing after shunt   
insertion 
Evaluation Post-intervention evaluation feedback from   
participants 
Table 8.1. Overview of the experimental procedure for evaluating the surgical stress 
management training including an intervention group (IG) and a control group (CG). 
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8.2.6 Data processing of physiological stress parameters 
The cortisol data were determined as described in detail in chapter 3. The cortisol 
concentration in saliva was determined using the Cortisol Luminescence 
Immunoassay (LIA) manufactured by IBL Immuno Biological Laboratories, 
Hamburg, Germany. The intra-assay variations were below 8% and the inter-assay 
variation was below 10%. 
For the heart rate and heart rate variability measures, the critical time phases, i. e. 
baseline assessment at 5 minutes resting time and 15 minutes after applying the 
vascular clamps, were selected from the continuously recorded data. The data were 
processed as described in chapters 3 and 6. 
8.2.7 Qualitative data analysis 
The qualitative data were analysed using content analysis. The information on each 
question of the topic guide was categorised. The answers concerning perceptions of 
the SMT (question 1) were selected for each of the intervention modules, i. e. the 
simulation, the booklet, the mental rehearsal training and the relaxation exercises. All 
responses were categorised in `key themes'. The frequencies of mentioning each 
`theme' of perceived benefits was calculated. The themes were allocated to broader 
categories of themes and total number of themes within each category was also 
calculated. The same analysis was used for summarising the surgical stress 
management strategies which were indicated as most important. 
8.2.8 Statistical data analysis 
Demographic, background and stress variables are described using mean and 
standard deviation. The frequencies of each item on `motivation to participate in this 
study' was calculated over all participants and for the separate experimental groups. 
The values are provided as total numbers and as percentages. The time difference 
between simulation 1 and 2 was assessed in weeks for each participant. 
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All data were tested for normal distribution using the One Sample Kolmogorov- 
Smirnov test. The adjustment for individual variations in heart rate and heart rate 
variability has been emphasised in the literature (Bohm et al., 2001). Heart rate data 
were adjusted by subtracting the baseline heart rate from the maximum heart rate 
during the simulation. Heart rate variability measures (C_HRV and LFHF) and 
salivary cortisol (SC) were adjusted for baseline values by building a ratio of the 
absolute values during the simulation by the values at baseline assessment. 
8.2.8.1 Validation of the simulations as framework for intra-operative stress 
assessment 
The realism ratings and the rating of perceived difficulty of simulation 1 and 2 are 
described using mean and standard deviation, calculated over all subjects. The ratings 
were compared between simulation 1 and 2 using a t-test for paired samples, 2-tailed. 
The same analysis was performed for the ratings of potential stressors in each 
simulation and for the time taken to perform simulation 1 and 2. The significance 
level was set at p<0.05. 
8.2.8.2 Statistical analyses evaluating the SMT 
Means and standard deviations were used to describe the perceived usefulness of the 
SMT package and its components for the surgeons' professional competence; the 
frequency of practising the mental rehearsal and relaxation; the extent to which the 
participants felt able to apply the surgical coping strategies in the simulation and in 
real life operations was calculated using mean and standard deviation. 
The two experimental groups were compared regarding their age, years of experience 
in surgery, number of CEAs performed as primary surgeons and number of CEAs 
observed or assisted. The groups were also compared on their surgical performance 
indicated by the ratings of EPA, OSATS and OTA and their stress levels reflected in 
the STAI and SA ratings and the physiological measures, i. e. HR, C_HRV, LFHF 
and SC at simulation 1. 
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NC_Q of the IG at simulation 1 was compared to the NC_Q of the CG at simulation 
2 as these ratings represent the NC_Q before receiving the booklet on surgical stress 
management strategies. 
Simulation 1 and simulation 2 were compared in al stress measures to explore 
changes within each experimental group. NC_Q applied during simulation 1 and 2 
was only compared for the IG; in the CG at simulation 1 NC_Q was not assessed in 
order to avoid confounding effects. 
A multivariate linear regression analysis testing the influence of the experimental 
group on the following outcome measures was performed: 
" number of surgical of coping strategies (NC_Q); 
" surgical performance measures: EPA, OSATS, OTA and DM; 
" stress measures: STAI, SA, HR, C HRV, LFHF and SC. 
The regression analysis on each outcome variable assessed in simulation 2 was 
adjusted for the corresponding baseline value (simulation 1). Hence, the predictor 
variables of the multiple linear regression analysis were experimental group and the 
baseline value of the variable of interest. The categorical variable experimental 
group was defined using a binary code: the IG was coded as 0 and the CG was coded 
as 1. For surgical decision making (DM), an assessment at simulation 1 was not 
possible due to the design of the scenario. Subsequently the regression analysis on 
DM was adjusted for years of experience in surgery instead of using an individual 
baseline. The NC_Q measure was only available for 14 subjects as 2 of the CG 
participants had not returned the coping questionnaire. The multicolinearity of the 
predictor variables was tested using Pearson' product-moment correlation coefficient. 
No significant inter-correlations of the predictors were found. The significance level 
was set at p<0.05. 
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8.2.8.3 Additional explorative data analyses 
Exploration of associations between coping, stress and surgical performance 
The Pearson product-moment correlation coefficient, two tailed, was used to further 
explore the associations between the number of coping strategies, stress measures 
and performance measures. The analysis was conducted for all participants for 
simulation 1 whereas the subset of 14 participants was used for simulation 2. 
Replication of previous findings 
In this additional statistical data analysis, the surgical performance measures, i. e. 
OSATS, OTA, EPA and DM were the outcome measures. The influence of all stress 
measures, coping (NC_Q), and years of experience in surgery on these variables was 
statistically tested. Uni- and Multivariate Linear Regression were performed to 
evaluate the associations of stress, coping and experience on each performance 
measure, separately for the two simulations. Significant predictors (p < 0.10) of the 
univariate analysis were included in the multivariate linear regression model. The 
significance level of the mulativariate analysis was set at p<0.05. All statistical data 
analysis was performed using Statistical Package for the Social Sciences, SPSS, 
version 12.0. 
8.3 Results 
This section starts with the presentation of background information concerning the 
attended surgeons. In the following section, the materials and methods for training 
are evaluated, i. e. the booklet, the mental rehearsal and relaxation training. For this 
purpose, the quantitative ratings of the participants' perceptions were used. After 
that, the statistical evaluation of the effectiveness of the intervention, followed by the 
test of replication of previous findings on the association of stress, coping and 
performance during simulated operations is presented. The last part of the results 
builds the qualitative evaluation. 
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8.3.1 Background data 
8.3.1.1 Sample 
Sixteen surgeons (n=15 male) participated in this study. Their mean experience in 
surgery was 6.9 years (SD = 2.35, ranging from 3 to 10 years). They had previously 
performed a mean of 4.5 CEAs (SD = 10.0, ranging from 0 to 40) and had assisted at 
M= 17.3 CEAs before (ranging from 2 to 60). An overview of the demographic data 
of the participants is provided in table 8.2. The intervention group and the control 
group did not significantly differ in age, years of experience in surgery and years of 
surgical training, number of performed CEAs and number of assisted CEAs. The 
results, i. e. t- and p-values for the t-test are also provided in table 8.2. 
Age Years of surgical Previous CEAs Role of Assistant 
experience performed of CEAs 
Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
IG 32.3 (2.0) 6.8 (2.5) 2.5 (3.1) 23.0 (21.7) 
CG 33.3 (2.7) 7.0 (2.2) 6.5 (13.9) 11.9 (4.2) 
Total 32.8 (2.4) 6.7 (2.3) 4.5 (10.0) 17.1 (17.9) 
t (df=14) -0.842 -0.213 -0.790 0.074 
p value 0.41 0.84 0.44 0.20 
Table 8.2. Overview of background variables described by mean and standard deviation 
(SD) in the intervention group (IG) and the control group (CG). IG and IG were compared 
using the t-test for independent samples. 
8.3.1.2 Evaluation of the SMT: The participants' attitudes and motivation 
Quantitative and qualitative feedback of the participants 
An overview of the frequency count of the motivation items is provided in table 8.3. 
It demonstrates that the most frequently indicated motivations were to support the 
research of the department and the work of a colleague (indicated by 93.5% of the 
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participants). followed by an interest in performing the simulated operation (75%) 
and an improvement of surgical skills (indicated by 68.8%). 
Motivation for participation in the IG CG Total 
surgical stress management training: N=8 N=8 N= 16 
n % n % n% 
Interest in participating in the simulation 7 87.5 5 62.5 12 75.0 
Interest in surgical stress management 7 87.5 4 50.0 11 68.8 
Interest in feedback on performance 6 75.0 5 62.5 11 68.8 
To support research in this department 7 87.5 8 100 15 93.8 
To support a colleague's PhD research 7 87.5 8 100 15 93.8 
Just for fun 5 62.5 3 37.5 8 50.0 
Table 8.3. Frequencies of motivation for study participation. Frequencies are provided as 
total number (n) and as percentage (%) in the intervention group (IG) and control group 
(CG) and for all subjects (Total). 
The general feedback provided on the evaluation questionnaire was positive. The 
question: `Would you participate in this training programme again? ' was responded 
with yes' by the majority (n = 14) of the participants. Two surgeons who had been 
allocated to the control group answered with `I don 't know' and indicated that it 
would depend on being able to allocate time for it. The comments of the other 
surgeons, in the CG as well as in the IG, was very positive, as these two examples 
illustrate: 
"Good for training" S7 
"1 think training in `crisis scenarios' actually improves the real life response. " S16 
The last question on the evaluation form: Anything else you would like to mention? 
was also answered extremely positive, as these statements highlight: 
`7 really enjoyed it. " S4 
"Very well organised and realistic simulation. " S6 
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The feedback listed above indicates a generally positive perception by the 
participants in both groups. However, the surgeons may have been hesitant to write 
notes reflecting negative attitudes or perceptions of the SMT. Hence, the unstructured 
observations of the researcher should be considered in the context of the evaluation 
of attitudes and motivational aspects. 
Observations of the researcher during the SMT training phase 
The observations of the researcher revealed three main aspects: i) generally positive 
attitude of the participants towards the SMT, ii) a good commitment to the 
participation, and iii) time constraints of the surgeons due to their work load affecting 
this study. 
The surgeons appeared to be open-minded and interested in the stress management 
training. They appreciated the explorative character of the study and seemed to value 
the training despite its novelty and unfamiliarity, such as implementing the relaxation 
techniques. Three participants seemed to be sceptical regarding the benefit of stress 
management training for enhancing surgical performance. On the other hand, two of 
the participants in the CG explicitly asked for the SMT information after they had 
performed simulation 2 and indicated that they would have preferred to be allocated 
to the intervention group. 
One surgeon who was allocated to the intervention group was not able to dedicate 
time to the SMT training and a further simulation. This drop-out was replaced in 
order to include an equal number of participants in the two groups for a better 
comparability. All other surgeons showed a strong commitment regarding their 
participation in the study. 
A major problem was the fact that the participants were extremely busy due to their 
professional work load. They had difficulties to allocate time for participating in this 
study. The original schedule of one to three weeks time between attending simulation 
I and simulation 2 was not feasible. Some participants had to cancel the simulation 
several times as their clinical work commitments had to be prioritised. Nevertheless, 
they were cooperative and did not mind being contacted several times for arranging 
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the second simulation. An overview of the times between simulation 1 and 2 is 
provided in table 8.4. The overall time of conducting this study was 21 weeks. Four 
of the eight participants were not able to attend the appointment for discussing the 
SMT booklet and practising the mental rehearsal technique with the researcher. As 
mentioned above these participants were provided with the written instructions and 
used the audio-version of the exercises on the CD only. Comparing the general 
impression of all intervention group participants, surgeon 5 seemed to enjoy the 
training most and provided a very positive feedback regarding the acceptability of the 
SMT. This surgeon also reported to have more time and less clinical and research 
commitments at the time of the study compared to his usual workload. 
Participant 
Intervention group 
A time 
in weeks 
Participant 
Control group 
A time 
in weeks 
Surgeon 1 4 Surgeon 9 3 
Surgeon 2 4 Surgeon 10 9 
Surgeon 3 1 Surgeon 11 9 
Surgeon 4 3 Surgeon 12 10 
Surgeon 5 7 Surgeon 13 11 
Surgeon 67 Surgeon 14 4 
Surgeon 7 10 Surgeon 15 6 
Surgeon 8 11 Surgeon 16 2 
Group mean (SD) 5.9 (3.5) Group mean 6.7 (3.5) 
Total mean (SD) 6.3 (3.4) 
Table 8.4. A time, i. e. difference between attending simulation I and simulation 2 as part of 
the stress management training study. 
8.3.1.3 Validation of the simulations as framework for intra-operative stress 
assessment 
The simulations were used as assessment tools and their validity was evaluated. 
Therefore. they were evaluated for their realism (external validity) and level of 
difficulty (internal validity). An overview of the realism ratings is provided in table 
8.5. Both simulations were rated as highly realistic. The synthetic model representing 
the carotid artery and anatomical structures in this operative field and the scrubbing 
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up procedure using the sink in the control room adjunct to the SOT were perceived as 
slightly less realistic than the other simulation components. 
There was no difference between the two scenarios in the perceived realism of the 
simulation and the perceived level of difficulty of the simulation scenarios. This 
highlights that the scenarios were equally effective as assessment tools in this study. 
The t-test for paired samples comparing the surgeons' ratings of simulation I and 
simulation 2 are included in table 8.5. 
Realism of: Simulation 1 Simulation 2tp value 
Mean (SD) Mean (SD) df=15 
Operating team 8.0 (1.6) 7.7 (1.6) 0.946 0.36 
Synthetic model 6.6 (2.0) 6.3 (2.4) 0.402 0.69 
Simulated patient 8.4 (1.6) 8.0 (2.0) 1.031 0.32 
Patient consent 8.6 (1.1) 8.1 (1.3) 1.199 0.25 
Scrubbing up 6.5 (2.3) 6.1 (2.5) 0.659 0.52 
Scenario 7.9 (1.5) 7.6 (1.6) 0.703 0.49 
SOT environment 8.4 (1.5) 8.8 (0.8) -1.192 0.25 
Global realism 7.9 (1.4) 7.3 (1.3) 1.496 0.16 
Level of difficulty 5.7 (1.4) 5.9 (1.7) -0.691 0.55 
Table 8.5. Ratings of the realism and the level of difficulty of the scenarios of simulation 1 
and simulation 2. The means and standard deviations (SD) were calculated overall 
participants. The rating scales ranged from 0 to 10, indicating `not at all' and `totally'. 
The intended experimental manipulation, i. e. recreating the typical stressors of 
surgical practice in the simulated environment was investigated. The perceived 
intensity of the sources of stress due to a particular stressor was assessed. An 
overview of the ratings is provided in Table 8.6. The means indicate that in both 
scenarios the simulated crisis and the time pressure which is part of the 
characteristics of this operation were perceived as the strongest sources of stress. 
followed by the technical challenge of performing this surgical procedure. 
Performance anxiety due to being observed and assessed during the simulation and 
unfamiliarity with the experimental simulation were appraised as minor stressors. 
indicated by the lower scores. There were no differences in these variables between 
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simulation 1 and 2. The results of the paired samples t-test are included in table 8.6. 
The mean time taken for simulation 2 was 37.4 min, SD = 6.6 min, and for 
simulation 1M= 33.3, SD = 6.4 min, representing similar time frames. The findings 
validate the suitability of the simulation as a research tool for investigating intra- 
operative stress. 
To what extend did you feel Simulation 1 Simulation 2tp 
stress due to: value 
Mean (SD) Mean (SD) df=15 
Simulated crisis 7.2 (2.6) 7.6 (1.7) -0.607 0.55 
Time pressure 6.9 (2.9) 6.3 (2.3) 0.685 0.50 
Technical challenge 5.5 (2.5) 4.8 (1.9) 0.883 0.39 
General risk 3.6 (2.8) 4.2 (2.7) -0.661 0.52 
Suboptimal performance 3.8 (2.4) 4.1 (2.0) -0.358 0.73 
Immediate decision-making 3.8 (2.9) 3.9 (2.3) -0.086 0.93 
Unfamiliarity 3.2 (2.6) 2.7(2.2) 0.620 0.54 
Performance anxiety 3.1 (3.0) 3.2 (2.3) 0.659 0.52 
Communication problems 2.1 (2.2) 2.9 (2.7) -0.885 0.39 
Multitasking 1.9 (1.9) 2.5 (1.9) -1.000 0.33 
Table 8.6. Overview of the perceived intensity of stressors during simulation 1 and 
simulation 2 of the surgical stress management training study. Means and standard 
deviations (SD) were calculated overall participants (n = 16); the rating scale ranged from 0 
to 10 indicating `not at all' and `totally', respectively. 
8.3.2 Perceptions of the SMT assessed using quantitative ratings 
8.3.2.1 Perceived benefit of the intervention to surgical competence 
An overview of the ratings of the SMT components by the surgeons who received the 
SMT package is provided in table 8.7. The mental rehearsal exercise (M = 8.3, SD = 
1.6) and the stress management booklet (M = 8.0, SD = 1.3) were perceived as most 
beneficial to the participants' surgical competence. The relaxation received the 
lowest score. All means were greater than 6, reflecting a high perceived usefulness 
and acceptability of the intervention tools. 
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How beneficial to your surgical competence was IG 
each of the following: N=8 
Mean (SD) 
Experience of the simulation 7.5 (1.6) 
Information in the booklet on stress management 8.0 (1.3) 
Reflexion and planning 7.4 (1.6) 
Relaxation training 6.6 (1.5) 
Mental rehearsal 8.3 (1.4) 
Overall stress management training package 7.6 (1.8) 
Table 8.7. Perceived usefulness of SMT components to the intervention group (IG) 
participants' surgical competence; rating scale from 0 to 10, indicating `not at all beneficial' 
and `totally beneficial', respectively. 
Table 8.8 shows the frequencies of practising the suggested exercises, i. e. mental 
rehearsal and relaxation techniques. The results demonstrate that the majority of 
surgeons applied the mental rehearsal technique to prepare the simulated operation 
only 1-3 times. Surgeon 5 reported to have practised this technique before all real 
life operations and several times before the simulated CEA, but did not indicate the 
total number of times of practise. He also reported to have practised the relaxation 
techniques several times. 
The perceived ability to apply the selected surgical coping strategies during the 
simulation and in real life operations was rated as moderate. The mean of the 
applicability of the strategies during the simulation was 6.1 (SD = 1.7). Slightly 
higher levels of the ability to apply the surgical coping strategies were indicated for 
real life operations (M = 6.6, SD = 2.0). The ratings indicate scope for improvement 
regarding the extent to which the strategies could be applied. 
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Questionnaire items Intervention group 
N=8 
Mean (SD) Range 
How many times did you practise: 
Mental rehearsal (n = 7) 1.5 (0.9) 1 -3 
Relaxation exercise (n = 7) 4.1 (4.7) 1- 11 
To what extent were you able to apply: 
Coping strategies during simulation 2? 6.1 (1.7) 4-9 
Coping strategies during real operations? 6.6 (2.0) 4-9 
Table 8.8. Overview of the frequencies of practise of the suggested exercises and the 
perceived ability of apply surgical coping strategies during the simulation and in real life 
operations. 
8.3.3 Quantitative analysis of effects of the SMT on surgical performance, the 
use of coping strategies and surgeons' stress responses. 
The first part of the results provides information on changes in stress and 
performance measures between simulation 1 and 2 in the IG and in the CG groups. 
After that, the influence of the experimental group, i. e. the participation in the SMT 
package vs. experiencing the simulation only, on coping, stress and performance was 
investigated. 
8.3.3.1 Changes in stress, coping and performance from simulation 1 to 
simulation 2 
Changes of the variables within each experimental group 
An overview of the means and standard deviations of each variable within simulation 
1 and 2 for each group are provided in Tables 8.9 and 8.10, and in figures 8.1 to 8.13. 
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Intervention Group 
Variable Simulation 1 Simulation 2tp value 
Mean (SD) Mean (SD) df=7 
Coping strategies 33.6 (13.4) 54.1 (9.6) -4.690 0.002** 
Stress levels 
STAI 5.0 (3.6) 5.2 (2.5) 0.182 0.86 
SA 6.9 (2.4) 5.7 (2.5) 0.960 0.36 
HR 62.7 (12.9) 65.6 (41.4) -0.231 0.82 
C HRV 0.8 (0.3) 1.1 (0.2) -4.008 0.005** 
LFHF 2.5 (0.7) 2.2 (1.1) 0.591 0.58 
Sc 1.4 (1.3) 1.5 (1.0) -0.179 0.86 
Performance 
EPA 15.0 (3.1) 16.1 (4.4) -1.317 0.23 
OSATS 23.6 (7.2) 26.4 (6.8) -1.007 0.35 
OTA 62.3 (16.8) 78.1 (22.7) -2.767 0.03* 
Table 8.9. Intervention group: overview of coping, stress and performance measures during 
simulation I and simulation 2 of the surgical stres s management training study. Means and 
standard deviations (SD) were calculated for 8 participants. The ST AI values and the 
physiological variables are presented as baseline-adjusted means. Means were compared 
between the simulations using a t-test for independent samples; *p<0.5, **p < 0.01. 
Control Group 
Variable Simulation 1 Simulation 2 t p 
value 
Mean (SD) Mean (SD) df=7 
Coping strategies - 34.5 (10.2) - - 
Stress levels 
STAI 5.1 (3.1) 5.9 (3.5) -0.702 0.51 
SA 5.5 (2.4) 6.8 (1.9) -1.024 0.34 
HR 53.4 (10.5) 50.3 (10.6) 0.486 0.64 
C_HRV 1.3 (0.4) 1.0 (0.4) 1.483 0.18 
LFHF 1.9 (1.8) 2.1(1.5) -0.253 0.81 
SC 0.9 (0.9) 1.4 (1.3) -0.771 0.47 
Performance 
EPA 13.4 (3.4) 14.6 (3.2) -1.488 0.18 
OSATS 24.8 (4.7) 23.3 (3.8) 0.899 0.40 
OTA 67.9 (13.2) 73.0 (18.6) -0.980 0.36 
Table 8.10. Control group: overview of coping, stress and performance measures during 
simulation I and simulation 2 of the surgical stress management training study. Means and 
standard deviations (SD) were calculated for 8 participants. The number of coping strategies 
was only assessed at simulation 2 and available for 6 surgeons. The STAI values and the 
physiological variables are presented as baseline-adjusted means. Means were compared 
between the simulations using a t-test for independent samples, *p<0.5, **p < 0.01. 
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In the intervention group, during the second simulation a significantly higher number 
of coping strategies was employed than during the first simulation. The heart rate 
variability coefficient C_HRV was significantly higher, indicating a lower mental 
strain during simulation 2 than during simulation 1, despite the greater challenge of 
decision making during the second scenario. Furthermore, the non-technical skills 
ratings (OTA) significantly increased. In addition to the significant results a positive 
trend on stress and performance was observed. The means of the observed stress 
ratings (SA), self-assessed stress (STAI), the LFHF measure of heart rate variability 
and salivary cortisol levels were slightly lower during the second simulation 
indicating a lower level of the surgeons' stress. The means of the performance ratings 
of technical skills (OTAS) and the quality of the surgical end-product (EPA) showed 
a trend of enhanced surgical performance in simulation 2. This is illustrated in 
figures 8.2 to 8.12. 
In the control group, there were no significant changes observed in any of the 
variables of interest. In contrast to the intervention group, the means of STAI, SA, 
HRV_C, LFHF and SC show a tendency of increased stress levels during simulation 
2. Furthermore, the technical performance (OSATS) deteriorated at simulation 2 (see 
figures 8.2. to 8.13). 
Correlations of changes in the variables of interest 
In an additional analysis, the changes of the stress variables and number of coping 
strategies from simulation 1 to simulation 2 within the intervention group were 
correlated with the surgical performance measures. There was a significant 
association of the decrease in observed stress (ASA) with the increase in the two 
procedural skills ratings, i. e. AOSATS (r = -0.85, p<0.01) and ROTA (r = -0.87, p< 
0.01). Furthermore, a significant negative correlation of ANC_Q with ASC was 
observed (r = -0.87, p<0.01), indicating that the increased application of coping 
strategies was related to a reduction of the endocrine stress response. An inter- 
correlation of the procedural surgical skills ratings, i. e. AOSATS and ROTA, was 
identified (r = 0.93, p<0.001). 
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In the control group, there was a significant inter-correlation of the changes of the 
stress measures ASA and ASTAI (r = 0.9 1, p<0.01), but no correlation of changes in 
stress and coping with any of the changes in performance measures was observed. 
Differences of the experimental groups at baseline assessment 
The number of coping strategies employed by the IG at simulation 1 and the CG at 
simulation 2 were not significantly different (M(IG) = 33.6, SD = 13.4; M(CG) = 
34.5, SD = 10.2, t(12) = -0.044 ,p=0.87), 
indicating that the experimental groups 
were not different in their baseline number of coping strategies. Furthermore, the IG 
and CG did not differ in any of the variables during simulation 1. An exception from 
this was the heart rate variability coefficient (C_HRV). The IG showed a 
significantly lower level of mental strain than the CG (M(IG) = 0.8 SD = 0.3; M 
(CG) = 1.3, SD = 0.2, t(14) = -3.024, p=0.01). HRV_C of the IG at simulation 2 had 
increased compared to simulation 1, and the absolute values did not significantly 
differ between the groups (M(IG) = 1.1, SD = 13.4; M (CG) = 1.0, SD = 0.4, t t(14) = 
0.804, p=0.44). These results show that the groups were equal in the majority of 
baseline measures. Nevertheless, in all statistical analyses the baseline levels were 
taken into account. 
Summary 
In the IG, beneficial changes in the number of coping strategies, stress indicators, and 
non-technical surgical performance were indentified. In contrast, in the CG no 
significant changes in any of the variables of interest were found. A tendency of 
increased stress levels of the CG participants during the second simulation was 
observed. The performance scores in the CG during simulation 2 were lower than in 
the IG. The graphs in figure 8.1 to 8.13 provide an overview of the results and a 
general trend of reduced stress and enhanced performance in the IG can be 
recognised. The correlations of changes in the variables indicate that the beneficial 
changes of stress levels were associated with enhanced procedural skills whereas no 
such relationships were observed for the control group. 
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Figure 8.1. Number of surgical coping strategies applied during simulations I 
and 2 obtained in the control group (CG; n= 6) and the intervention group 
(IG; n= 8). Significant differences are indicated, **p < 0.01. 
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Significant differences are indicated by 
*p < 0.05. 
8.3.3.2 Evaluation of the effectiveness of the SMT by comparing the experimental 
groups 
Comparison of the groups was performed using a linear regression analysis with 
experimental group as a predictor variable. The regression analyses for each outcome 
measure were adjusted for the individual baseline values of the variable of interest. 
The results are shown in table 8.11. The data analysis revealed a significant influence 
of experimental group on the number of coping strategies applied during the second 
simulation. Participating in the SMT had a beneficial effect on the NC_Q score (p < 
0.01). No significant influence of participation in the intervention training compared 
to participating in the simulation only on any of the other outcome measures was 
found. 
This indicated that the beneficial changes which were found within the IG were not 
significantly different to the changes within the CG. Nevertheless, the number 
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number of coping strategies employed during simulation 2 increased due to the 
participation in the intervention. 
Outcome measures Predictor 1 p value 1 Predictor 2p value 2 
Baseline Experimental 
Group 
ß Coefficients ß Coefficients 
(95% CI) (95% CI) 
Coping strategies 0.096 0.65 -0.739 0.004** 
(-2.010 - 3.104) (-31.966 - -7.739) 
Stress levels 
STAI 0.439 0.11 0.098 0.71 
(-0.108 - 0.889) (-2.600 - 3.703) 
SA -0.07 0.80 0.213 0.46 
(-0.617 - 0.487) (-1.685 - 3.507) 
HR 0.365 0.20 -0.0120 0.67 
(-0.549-2.338) (-41.492-27.451) 
C_HRV -0.084 0.81 -0.157 0.66 
(-0.701 - 0.561) (-0.592 - 0.387) 
LFHF -0.131 0.65 -0.067 0.82 
(-0.700 - 0.453) (-1.681 - 1.349) 
SC 0.064 0.84 0.071 0.82 
(-0.980 - 1.189) (-9.601 - 11.921) 
Performance 
EPA 0.797 0.001 ** 0.002 0.98 
(0.494 - 1.374) (-2.751 - 2.787) 
OSATS 0.327 0.15 -0.328 0.21 
(-0.150 - 0.853) (-9.219 - 2.179) 
OTA 0.673 0.007** -0.263 0.23 
(0.302 - 1.532) (-27.974 - 7.409) 
DM 0.070 0.80 -0.296 0.28 
(-0.536 - 0.685) (-4.085 - 1.298) 
Table 8.11. Results of the linear regression analysis of baseline values and experimental 
group as predictor variables on the outcome measures (i. e. number of coping strategies, 
stress responses and surgical performance measures); ß values, 95 % confidence intervals 
and p-values are listed for the effect of each predictor on the performance measures; *p< 
0.05, * *p < 0.01. 
8.3.4 Exploration of associations of coping, stress and performance measures 
The role of surgical coping was explored further with correlations between NC_Q 
and stress and performance variables. To start with, findings of this analysis referring 
to simulation 2: in table 8.12 the correlation matrix is provided. A significant positive 
correlation between coping strategies and the heart rate variability coefficient 
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(HRV_C) was identified (r = 0.62, p<0.05, Pearson correlation coefficient, 2-tailed) 
was found. This indicates that the application of a large number of strategies was 
related to a lower mental strain, i. e. lower stress levels during the simulated 
operation. However, no significant associations with any of the performance 
measures were found. 
Correlations between stress measures with performance measures were conducted. 
The LFHF measure of heart rate variability significantly correlated with surgical 
decision making (DM; r= -0.56, p<0.05, Pearson correlation coefficient, 2-tailed) 
and non-technical skills (OTA, r= -0.63, p<0.05, Pearson correlation coefficient, 2- 
tailed). These findings indicate that low mental work load was related to enhanced 
surgical decision-making and team communication. An overview of the correlations 
of the measures assessed at simulation 2 is provided in table 8.12. Furthermore, 
negative associations of observed stress (SA) with the performance measures EPA, 
OSATS and OTA were identified. 
None of these correlations were found to be significant in simulation 1, except for the 
inter-correlation of the procedural skills measures, i. e. OSATS and OTAS, r=0.70, p 
< 0.0 1. and the inter-correlation of SC with SA (r = 0.51, p<0.05) and STAI (r = 
0.53, p<0.05). 
STAI SA HR C_HRV LFHF Sc EPA OSATS OTA DM 
NC Q 0.03 -0.01 -0.13 0.62* 0.23 0.17 0.13 0.05 -0.01 0.05 
STAI - 0.19 -0.33 0.04 -0.12 -0.53 0.20 -0.02 0.26 0.03 
SA - -0.08_ 0.15 0.47 -0.21 -0.60* -0.68** -0.57* -0.53 
HR 0.02 0.02 0.52 -0.32 -0.03 -0.25 0.03 
C_HRV - 0.37 -0.21 0.18 0.04 -0.18 -0.15 
LFHF - -0.30 -0.40 -0.47 -0.63* -0.56* 
SC - -0.13 0.20 0.22 0.41 
EPA - 0.83** 1 0.77** 0.62** 
OSATS - 0.87** 0.87** 
OTA - 0.85** 
Table 8.12. Correlation matrix of coping, stress and surgical performance measures during 
simulation 2; Pearson product moment correlations, 2-tailed, *p < 0.05, **p < 0.01, n= 14. 
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8.3.5 Replication of previous findings on the influence of stress and coping on 
surgical performance 
8.3.5.1 Simulation 1 
An overview of the results of the univariate linear regression analysis for simulation 
I is provided in table 8.13. The results for simulation 1 showed a significant effect of 
years of experience (EXP) on technical skills (OSATS). In the multivariate linear 
regression analysis univariate predictors with p<0.10 were included. The findings of 
the multivariate analysis are shown in table 8.14. The multivariate analysis revealed 
that technical skills (OSATS) were significantly impaired by stress levels observed 
by the surgical assistant (SA; p=0.04), whereas a greater number of years of 
experience in surgery had a beneficial effect on this variable (p = 0.01). 
PV EPA P OSATS P OTA p 
P ß ß 
(95% Cl) (95% CI) (95% Cl) 
NC_Q 0.291 0.48 -0.025 0.95 -0.123 0.77 
(-0.155 - 0.290) (-0.549 - 0.521) (-1.396 - 1.088) 
STAI 0.268 0.88 -0.198 0.46 0.198 0.46 
(-0.616 - 0.532) (-1.375 - 0.658) (-1.666 - 3.481) 
SA -0.182 0.50 -0.452 0.08t -0.204 0.45 
(-0.998 - 0.511) (-2.328 - 0.144) (-4.679 - 2.187) 
HR -0.229 0.39 0.052 0.85 -0.094 0.73 
(-0.207 - 0.087) (-0.248 - 0.297) (-0.801 - 0.574) 
C_HRV -0.084 0.77 0.014 0.96 0.144 0.59 
(-0.458 - 0.341) (-8.199 - 8.597) (-15.689 - 26.367) 
LFHF 0.065 0.81 -0.077 0.78 -0.319 0.23 
(-1.215 - 1.524) (-2.807 - 2.138) (-9.434 - 2.454) 
SC -0.313 0.23 -0.309 0.25 -0.311 0.24 
(-0.544 - 0.147) (-0.978 - 0.271) (-2.481 - 0.677) 
EXP 0.418 0.11 0.591 0.02* 0.391 0.14 
(-0.147 - 1.340) (0.331 - 2.715) (-0.894 - 5.991) 
Table 8.13. Univariate linear regression analysis of predictor variables (PV) which 
potentially influenced surgical performance measures, i. e. EPA, OSATS and OTA during 
simulation scenario 1; ß values, 95 % confidence intervals and p-values are listed for the 
effect of each predictor on the performance measures; calculated overall subjects (n = 16), 
NC_Q data were only obtained in th e intervention grou p (n = 8); ''i p<0.10; *p<0.05. 
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Predictors OSATS p 
P 
(95% CI) 
SA -0.420 
(-2.015 - -0.016) 
0.04* 
EXP 0.567 
(0.396 - 2.528) 
0.01* 
Table 8.14. Multivariate linear regression analysis of observed stress (SA) and 
years of experience (EXP) on surgical technical skills (OSATS) during 
simulation scenario 1; *p<0.05. 
8.3.5.2 Simulation 2 
For simulation 2, the univariate regression analysis revealed a significant detrimental 
effect of observed stress (SA) on the quality of the surgical end-product (EPA; p< 
0.05) and on technical skills (OSATS; p<0.01). A trend of SA impairing surgical 
decision-making (DM; p=0.05) and non-technical performance (OTA; p=0.06) 
was found. Furthermore, heart rate variability (LFHF; high values indicate high 
mental strain) significantly impaired surgeons' decision-making skills during the 
simulated surgical crisis. A tendency of LFHF affecting non-technical skills (OTA) 
was observed (p = 0.07). The results of the univariate analyses are provided in table 
8.15 and 8.16. Predictors of performance with p<0.10 are highlighted in the tables. 
The multivariate linear regression analysis included two measures of stress: SA and 
LFHF. These predictors showed similar ß values on each outcome measure (DM: 
p l= -0.310, ß2= -0.404; OTA: P l= -0.338, ß2= -0.310); when both predictors were 
included in the model, the univariate effects on DM and OTA were not significant as 
shown in table 8.17. 
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PV EPA p OSATS p OTA p 
ß ß ß 
(95% CI) (95% Cl) (95% CI) 
NC_Q 0.291 
48 0 -0.025 0.95 -0.123 0.77 (-0.155 - 0.290) . (-0.549 - 0.521) (-1.396 - 1.088) 
STA I 0.111 
69 0 -0.024 0.93 
0.171 
0.54 
(-0.658 - 0.961) . (-1.227 - 1.134) (-3.012 - 5.458) 
SA -0.567 02* 0 -0.629 0.009** -0.477 0.06t (-1.795 - 0164) . (-2.698 - -0.459) (-8.991 - 0.245) 
HR -0.323 0 22 -0.032 0.91 -0.225 40 0 
(-0.109 - 0.028) (-0.111 - 0.099) (-0.524-0.223) . 
C-HRV 0.152 0.58 -0.067 0.80 -0.229 0.39 
(-4.701 - 8.143) (-10.539 - 8.315) (-47.35 - 19.79) 
LFHF -0.279 0.26 -0.393 0.13 -0.462 0.07t 
(-2.509 - 0.744) (-3.977 - 0.579) (-15.30 - 0.738) 
Sc 0.093 0.73 
0.091 
0.75 
0.182 
0.56 
(-0.217-0 
. 
301) (-2.069 - 2.809) (-0.985 - 1.704) 
EXP 0.290 0 28 
0.114 
0.67 
0.196 
47 0 
(-0.432-1 
. 
404) . (-1.108 - 1.664) (-3.255 - 6.731) . 
Table 8.15. Univariate linear regression analysis of predictor variables (PV) which 
potentially influenced surgical performance measures, i. e. EPA, OSA, and OTA during 
simulation scenario 2; ß values, 95 % confidence intervals and p-values are listed for the 
effect of each predictor on the performance measures. 
Predictors DM p 
p 
95% Cl 
NC_Q -0.052 0.86 
(-0.123 - 0.104) 
STAI 0.092 
0.74 
(-0.437 - 0.597) 
SA -0.495 0.05* 
(-1.093 - 0.004) 
HR 0.044 
0.87 
(-0.042 - 0.050) 
C_HRV -0.287 0.28 
(-6.037 - 1.897) 
LFHF -0.544 0.03 * 
(-1.942 - -0.121) 
Sc 0.050 
0.85 (-0.180 - 0.151) 
EXP 0.053 
0.85 
(-0.554 - 0.667) 
Table 8.16. Univariate linear regression analysis of predictor 
variables which potentially influenced surgical decision-making 
(DM) during simulation scenario 2; ß values, 95 % confidence 
intervals and p-values are listed for the effect of each predictor 
on surgical decision-making. 
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Predictors DM p OTA p 
ßß 
(95% Cl) (95% Cl) 
SA -0.310 -0.338 
(-0.929 - 0.239) 0.22 (-8.225 - 2.031) 0.22 
LFHF -0.404 0 . 12 
-0.310 0.25 (-1.769 - 0.240) (-13.712 - 3.935) 
Table 8.17. Multivariate linear regression analysis of observed stress (SA) and 
heart rate variability (LFHF) on surgical decision-making (DM) and non- 
technical surgical skills (OTA) during simulation scenario 2. 
In summary, surgeons' stress levels observed by the surgical assistant (SA) 
influenced measures of surgical performance during both CEA crisis simulations. 
Increased stress indicated by the heart rate variability measure LFHF showed a 
detrimental effect on surgical decision making and a trend to impair non-technical 
surgical skills. The effect of coping strategies on surgical performance was not 
replicated. Furthermore, in this sample with a reduced variation of professional 
experience the number of years in surgical practice was not a significant predictor of 
any of the performance measures. 
8.3.5.3 Feasibility of salivary cortisol as indicator of stress in surgical practice 
As described in chapter 3, salivary cortisol is often used as an indicator for assessing 
stress and stress levels. The study reported in chapter 6 has shown that the baseline of 
the salivary cortisol levels were relatively high (M = 9.4 nmol/l, SD = 5.3). They 
reduced throughout the experiment from M= 10.1 nmol/l (SD = 7.2) to M=7.0 
nmol/l (SD = 3.2). This observation was contrary to the findings on perceived and 
observed stress levels. It was also contrary to the expected response pattern. In the 
Intervention Study, the baseline values were also increased, but slightly lower with M 
= 8.9 nmol/l (SD = 4.4) at simulation 1 and M=7.8 nmol/l (SD = 4.5) at simulation 
2. Hence, after baseline assessment the cortisol response pattern was similar to those 
indentified in the study presented in chapter 6. 
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In order to gain a better estimation of the peak of the cortisol response, either two or 
three additional samples (depending on the participants' available time) were 
obtained after the simulation. The first sample was taken immediately after the 
simulation (time 1) and the following samples taken in 10 minute intervals. An 
overview of the cortisol values is provided in figures 8.14 to 8.17. The individual 
data demonstrate very well that the highest values of the cortisol response were 
assessed at time 1 which was immediately after the simulation. The values tend to 
decrease at time 2 and 3. This indicates indeed that for assessing the peak of the 
cortisol response time 1 was most suitable. 
Figure 8.14. Salivary cortisol levels at baseline assessment before, and at 
time 1,2 and 3 at simulation 1. 
Simulation 2: Salivary Cortisol 
16 
14 
12 -- -_ _ý 
111 
basline time 1 time 2 time 3 
-f--Surgeon 1 Surgeon 4 
Surgeon 12 Surgeon 14 
-Surgeon 3 
Figure 8.15. Salivary cortisol levels at baseline assessment before, and at 
time 1,2 and 3 at simulation 2. 
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The overall response patterns found in the SMT study demonstrates that for the 
majority of surgeons the cortisol levels decreased during the simulations. An 
additional finding in the SMT study is the significant negative correlation of the 
change of cortisol levels (ASC) with the increase of coping strategies (ANC_Q) 
within the control group. However, no further significant associations of salivary 
cortisol levels with any other variables was found. 
8.3.6 Perception of the SMT assessed using qualitative data 
8.3.6.1 Perception of the simulated carotid endarterectomy 
The simulations were perceived as highly realistic and challenging by the participants 
of this study. The second scenario required a more complex assessment and decision- 
making during the crisis and entailed a greater risk for the simulated patient. The 
following quotes illustrate this: 
"During the second crisis the risk for the patient was in the back of my mind, / wanted 
to find the technical problem .... 
After the decision the patient was controlled. ... 
The 
rest went smoothly. " S6 
"When patient lost consciousness / forgot this was a simulation. " S9 
The latter quote also highlights that this scenario was very realistic. The surgeons 
mentioned that the simulated patient during the scenario under local anaesthesia 
added to both the realism and the challenge of the scenarios. 
The surgeons perceived the simulation as a useful exercise for enhancing their 
surgical performance and stress management. The statement of the most experienced 
surgeon who participated in the SMT concerning the characteristics and benefits of 
the simulations highlights this: 
"The simulation was very life-like. I benefited from all of it, the stress management, 
but also the technical side. The simulation was stressful. For me it was more 
beneficial for leadership, and also crisis management, and objective thinking and 
stress management. Decision making under stress when you become a consultant is 
very important. The fact that it feels so real, I have met the person (simulated patient) 
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before etc, this kind of thing gives you the true response, / think. The simulation is 
very useful as it teaches multitasking, thinking while you are technically doing 
something. " S7 
8.3.6.2 Perception of core components of the SMT 
The feedback described the surgeons' perception on applicability and usefulness of 
the simulation components. Comprehensive feedback was provided. The importance 
of reflection on one's own stress levels and stress management was acknowledged, as 
this quote highlights: 
"What surgeons need is: to focus more on themselves, understand themselves, and 
how they mentally and physically react to stress, just to understand yourself. Also 
mentally, everyone can improve their stress management. " S8 
8.3.6.2.1 The surgical stress management booklet 
The booklet was perceived as very positive and useful. Some of the surgeons 
emphasised that they knew all these strategies, but found it very helpful to have them 
summarised in a structured framework. They reported that it has made them more 
aware of risks, their own stress responses and their coping behaviour during surgery. 
It facilitated reflection on their own approaches and enabled them to choose surgical 
stress management for their professional practice. The following statements of the 
participants illustrate this: 
"I was not aware of those strategies; this brought my attention to it. ... People 
don't 
teach any of this during surgical training, it is like that. `see one, do one, teach one'. I 
did not know how I cope with my stress, but now I know how I identify it and I can 
apply some of the strategies. No one ever told me about that before, so I am 
pleased. " S5 
Even surgeons at senior SpR level reported that they found it useful and would 
recommend this to junior trainees. The quote of the surgeon with the greatest 
experience in surgery illustrates this: 
"The booklet was the most helpful of the three things.... Some interesting strategies 
- most, if not all, of which I have used or seen being used. They are aspects of 
2gß 
surgical training that are not in any way formally taught, but that you pick up on and 
develop during surgical training. ... 
I think this is very helpful, for junior surgeons 
especially. " S2 
A summary of all comments on the surgical stress management booklet is provided 
in appendix G. The strategies which were considered as most important in surgical 
practice by each of the participants are listed in table 8.10. The findings indicate that 
both pre-operative strategies and intra-operative strategies were regarded as highly 
relevant. The most frequently named strategies were mental rehearsal and control of 
self. The latter included mental distancing and self-talk. There is a trend showing 
more pre-operative strategies (n = 18) than intra-operative strategies (n = 13). 
However, the mentioned strategies represent a `short version' of the coping 
framework. The selection of strategies showed a great individual variation. 
ici ants Pa 
-- Surgical stress management strategies 1 2 3 4 5 6 7 F 8 ý 
E 
Pre-opeative strategies 18 
Mental rehearsal " " " " " 5 
Pre-operative avoidance of external stressors " " " " 4 
Building up individual resources " " " 3 
Scrubbing up process for mental preparedness 2 
Preparations " " 2 
Anticipating problems 2 
Intra-operative strategies 13 
Control of self " " " " " 5 
Systematic technical approach " " 2 
Team communication " " 2 
Stop and stand back technique " 1 
Prioritising I 
Decision making " I 
Table 8.18. Overview of the coping strategies which were considered as most important 
by the SMT participants. The selected strategies are marked for each subject (0) and the 
number of selected strategies per category, i. e. pre-operative and intra-operative coping, 
and overall subjects are provided. 
The mental rehearsal training 
The participants reported that they always plan and prepare operations. The majority, 
i. e. 7 of the 8 intervention group participants, use techniques similar to mental 
rehearsal before operations. However, they perform this intuitively and with less 
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intensity and in a less systematic way as they were not aware of this technique as an 
important tool for preparing operations. For example, they use a mental checklist of 
the steps of the operation or mentally rehearse parts of the operation. 
The surgeons who reported the most comprehensive way of surgical mental rehearsal 
reported: 
"7 do use mental rehearsal, and 1 visualise the operation from incision, the steps and 
also the anatomy. I usually do that at night. Sometimes / dream of operations and 
tissue. " S2 
Most surgeons have developed their individual mental rehearsal technique by 
themselves or as part of training in other domains, for examples sports or music. One 
of the surgeons reported parallels to music performance: 
"I do this for playing music as well, I mentally rehearse how I move my hands and I 
visualise the chord structure on my hands. It is difficult to take parts out of the 
context. An operation is similar, technical skills elements, that is similar. Your hands 
are moving and it all feels very natural, there is an economy of the movement. " S6 
An overview of the surgeons' feedback on the mental rehearsal training is provided 
in appendix G. The mental rehearsal training was perceived as beneficial by all 
participants of the SMT. The surgeons who had used similar strategies before felt 
that their mental rehearsal technique had improved. They were able to include new 
aspects such as rehearsing crises scenarios and to perform this technique more 
intensively. This was highlighted in the statements by one of the intervention 
participants: 
"The mental rehearsal was not new. I used to do that anyway. Rehearsing a crisis 
scenario was new. I did not rehearse self-control, but I guess I have added the 
environmental things: communication, sounds, smells, more `colour' to the rehearsal. 
lt has become deeper, more intensive. " S2 
Surgeons who were less familiar with mental rehearsal reported that it was useful that 
their attention has been brought to this technique. One of the surgeons perceived the 
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introduction to the mental rehearsal in the interactive session with the researcher as 
extremely useful and emphasised that this technique should be included in surgical 
training. 
His comment after the mental rehearsal exercise demonstrates this: 
"That was interesting. I think, I think you have made a difference, actually. ... 
The 
booklet is useful, perhaps during SpR training, early on it would be good to use it, 
and the mental, to develop a mental rehearsal rather than talking about irrelevant 
subjects. " S7 
The preferences of when to perform the mental rehearsal varied. Some surgeons 
mentioned to rehearse ten minutes before the start of the operation; others only 
rehearse the day before the operation and deliberately avoid this technique at the day 
of the surgical procedure. One surgeon for example reported to not include self- 
control strategies in the mental rehearsal. This demonstrates that there is individual 
variation in the performance of this technique. However, it was generally perceived 
as beneficial. I was reported that it had improved their cognitive performance, i. e. 
decision making and focus during the simulated operation. The following statement 
illustrates these findings: 
"The mental rehearsal was helpful. I found I was able to concentrate more and think 
more clearly. I have rehearsed the steps of the operation and the communication. " 
S1 
In summary, the mental rehearsal training was highly acceptable to the surgeons and 
was perceived to be a useful part of preparations for surgical procedures. 
The relaxation training 
The relaxation exercises were provided as a technique supporting the practice of 
mental rehearsal and to reduce stress levels before or during surgery. The individual 
preference of such exercises was highlighted in the introduction to the surgeons. 
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Six of the eight SMT participants indicated that relaxation supporting professional 
performance was an acceptable concept. Four participants indicated that relaxation 
was perceived to effectively reduce stress levels, and three surgeons perceived it as 
beneficial to their surgical performance. Surgeon 1 and 4 preferred the relaxation 
using imagery. Surgeon 7 reported to use physical relaxation, but that he was not able 
to use this during operations. These findings demonstrate large individual variation in 
the use, perceived benefits and type of relaxation techniques. 
Compared to surgeons' perception of the mental rehearsal, the relaxation technique 
was regarded as less important. It represented an additional supportive element, but 
was not considered as essential to surgical stress management training. There was 
more emphasis on the application of more pragmatic self-control strategies which 
reduce physical tension (e. g. to `take a deep breath'). The combination of mental 
preparation and the application of such self-control strategies was emphasised as this 
statement illustrates: 
"I felt myself being sweaty, and my hands were shaking. I took a step back. I know 
this has priority, so 1 was able to apply self-control. Sometimes I forget to breathe. 
But the mental preparation is absolutely essential. " S5 
In summary, the relaxation training was shown to be acceptable and was perceived to 
have beneficial effects, i. e. stress reduction and performance enhancement. However, 
the relevance of relaxation techniques in the context of surgical stress management 
was lower than the other training components. 
8.3.6.3 Perceived benefits of participating in the SMT 
In the feedback interview the surgeons were asked what they had gained by 
participating in the SMT. The benefits included improved surgical skills and 
enhanced surgical stress management skills. An overview is provided in Table 8.19. 
In particular cognitive skills, such as decision-making and focus, were positively 
influenced by this training. The enhancement of technical skills was mentioned 
related to the participation in the simulation only, whereas the other surgical skills 
were mentioned to have improved due to the complete SMT. The enhancement of 
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surgical stress management skills was mentioned more frequently (total n= 28) than 
the beneficial effects on technical and non-technical skills. All surgeons reported 
either an enhancement of strategies they had used before or the use of new strategies. 
In particular, mental rehearsal skills were reported to be broadened. The rehearsal of 
crisis situations and the improvement of imagery techniques for a more intensive 
practice of this method contributed to these positive effects. The mental rehearsal 
was particularly valued. This was also reflected in the frequency of mentioning this 
technique (n = 7). New skills included cocooning, checking instruments before the 
operation, stop and stand back and thinking ahead during the operation. Furthermore, 
the surgeons reported that they felt more confident at dealing with surgical crises. 
The experience of operating in the simulation was regarded as a useful experience. 
Perceived benefits of participating in Participants in IG 
the SMT package 1 2 3 4 5 6 771 8 
Enhanced surgical performance 12 
Improved decision-making under stress " " " " " 5 
Improved technical surgical skills " " " 3 
Improved team communication skills " " 2 
Improved focus under stress " 1 
Improved intra-operative planning " 1 
Enhanced surgical stress management 28 
Enhanced mental rehearsal skills " " " " " " " 7 
Enhancement of known coping strategies " " " " " 5 
Relaxation skills " " " " " 5 
Knowledge on surgical coping " " " " 4 
Use of new surgical coping strategies " " " " 4 
Awareness of stress responses and coping " " " 3 
Other benefits 9 
Increased confidence " " " " " 5 
Experience of operating in crisis 
simulation 
" 
I 
" " " 4 
-I 
Table 8.19. Overview of perceived benefits of participating in the SMT. Reported benefits 
are marked for each subject (") and the number of reported benefits per category (i. e. 
`enhancement of surgical skills', `enhancement of surgical stress management skills' and 
`other benefits') and overall subjects are provided. 
When asked what they perceived as unhelpful, the majority of participants answered 
that there were no negative aspects entailed in the SMT package. One surgeon 
mentioned that the angle of the operating table could not be changed to 45° as he 
normally would do, but he added that the set up had still been acceptable. 
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The surgeons in the control group were also asked in which way they felt they had 
benefited from participating in the two simulations. A summary of their responses is 
provided in table 8.20. Their feedback included the positive perception of the 
simulation as a technical exercise and a useful framework for decision making in 
stressful surgical situations. The experience of a simulated crisis was regarded as 
particularly beneficial. The CEA crises are rare in real life operations and the 
scenarios were perceived to prepare surgeons for such incidents. Furthermore, the 
surgeons reported that after the experience of the simulation they reflected on their 
own performance and on their own responses in the crisis situation. One of the 
surgeons watched the educational video after the simulation in order to check aspects 
of his technical performance. Two participants of the CG questioned the usefulness 
of participating in this simulation. They acknowledged the benefit as a technical 
exercise but emphasised that this was the only benefit. One of them mentioned that 
he felt left at the stage of reflection on how to improve his surgical crisis 
management, but did not receive any aid on how to improve, as this quote 
demonstrates: 
"I really don't know if there is any benefit. It could probably be beneficial if you 
realised there is something you can do in advance to manage your stress and to 
improve your performance and the stress. It gives me the motivation to think about 
what you do to be prepared. There is always stress in decision making, that's what 
am talking about: find techniques to control the stress of the moment. " S13 
Perceived benefits of participating in the Participants in CG 
simulations 9 10 11 12 13 14 15 16 
Technical exercise " " " " " 6 
Decision-makiiig under stress " " 3 
Reflection on own performance and reactions " " " 3 
Simulation as useful ex perience 3 
Maybe there is no benefit " " 2 
Table 8.20. Overview of perceived benefits of participating in the simulations reported by 
the participants allocated to the control group. The reported benefits are marked for each 
subject (") and the frequency of reported benefits and overall subjects are provided. 
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8.3.6.4 Suggestions for improvement 
The simulations 
Seven of the eight participants in the SMT intervention group made suggestions for 
improving the training. The simulation model was perceived as least realistic. They 
suggested stabilising the model better and using blood-like fluid in order to simulated 
the blood flow through the `arteries' of the synthetic model. The scrubbing up 
process lacked realism as a common sink was used. More sophisticated facilities 
adjunct to the SOT would be desirable. However, the surgeons indicate that the set 
up was still acceptable and did not prevent them from performing their routine 
activities, as this statement demonstrates: 
"The scrubbing up was unrealistic, but it is better to do it at all. 1 thought I do buy into 
it. " S8 
The surgical stress management booklet 
The booklet was perceived as helpful but there were suggestions to change the layout 
and edit the text. One surgeon emphasised that the booklet should be short and be 
written in a more instructive way. The following quotes illustrate this: 
"The booklet was great. The examples were fantastic, but it could be more didactic 
and more readable, including pictures or cartoons. " S3 
"It could be more prescriptive and include clear instructions. I liked the preparedness 
bit, mental rehearsal, control of the environment. ... 
It should be more emphasised 
that aggressive behaviour in theatre is extremely unhelpful to everyone, this should 
be stated clearly. " S2 
The mental rehearsal training and relaxation training 
The surgeons reported that they would have preferred individual guided mental 
rehearsal training. The version on a CD was perceived as less useful. The audio 
version of the relaxation exercises were considered as useful for those surgeons who 
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found the practise of relaxation beneficial. The mental rehearsal was mentioned as an 
important aspect to be considered at an early stage of surgical training. 
Other aspects to be considered for future surgical stress management training 
The surgeons were offered feedback on their performance after the evaluation 
interview. The participants mentioned that a comprehensive feedback on technical, 
non-technical skills and stress management skills after each of the simulation would 
be beneficial. During the simulated operation a consultant teaching, correcting and 
guiding the primary surgeon was also mentioned. The need for guidance in the form 
of feedback and for an aid for reflection was stated, as this quote demonstrates: 
"For others, juniors, the simulation and detailed feedback would be helpful. You have 
to understand yourself. Then you can choose how you want to change yourself. " S3 
The use of additional and different surgical procedures was suggested in order to 
enable the participants to experience a variety of challenging intra-operative 
situations. 
8.4 Discussion 
8.4.1 Summary 
The SMT package was perceived as a useful and acceptable training tool for 
surgeons. The participants felt the intervention was beneficial to their surgical 
competence, in particular for intra-operative decision-making. The statistical 
evaluation of the influence of the SMT on coping, stress and performance measures 
revealed a general trend of beneficial effects. The number of coping strategies which 
surgeons reported to use was significantly greater in the intervention group than in 
the control group. A high number of coping strategies was significantly associated 
with reduced mental strain during the operation. Furthermore, surgeons' non- 
technical skills significantly increased within the intervention group whereas in the 
control group no significant changes in any of the variables were found. Hence, the 
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SMT package developed in this thesis had a positive influence on surgeons' coping, 
their stress responses and their performance. 
8.4.2 Background data 
The groups were comparable in their demographic data and there was no significant 
difference in their previous surgical experience. This was largely reflected in the 
baseline values of performance, stress and coping measures. However, the IG showed 
a higher baseline heart rate variability coefficient. The expectations of the 
participants regarding their allocation to the IG may have influenced this measure. 
However, this needs to be investigated further in future research using a larger 
sample size in order to interpret this finding sufficiently. In summary, the groups 
were homogenous in the majority of variables of interest, which facilitates a 
comparison for evaluating the SMT using this sample. 
The surgeons' motivation to participate in this study was explored as it may influence 
the effectiveness of the intervention. In addition, this information may provide 
insight to the acceptability of stress management training programmes. Generally, the 
participants were motivated, and only one participant dropped out due to a lack of 
time. The majority of the intervention group participants indicated an interest in 
surgical stress management strategies and in the experience of operating in the 
simulation. This suggests a positive attitude and commitment to participation in the 
SMT study. 
8.4.3 Simulation validation 
In the simulation scenarios, the intended stressors of surgical practice were 
successfully recreated. Experimental effects such as being assessed and unfamiliarity 
with the environment were rated as minor stressors. Although the simulated 
operating team consisted of non-medical staff, the operating team was rated as very 
realistic. Scope for improvement was indicated regarding the scrubbing process using 
the facilities in the SOT. A more realistic setting in order to practise this important 
stage of transition from the pre-operative to the intra-operative phase would be 
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desirable. Nevertheless, the global realism of the simulation was rated as highly 
realistic. Furthermore, the two simulation scenarios were equally realistic and did not 
differ in their level of difficulty. This shows that they provide comparable tools for 
surgical stress assessment in this study despite the deviations of the two scenarios. 
The qualitative feedback indicated that scenario 2 entailed a higher demand regarding 
intra-operative decision-making during the crisis. The participants emphasised the 
usefulness of this tool training cognitive skills during stressful situations. Both 
simulation scenarios can be regarded as highly suitable and sophisticated tools for 
intra-operative stress research and training of surgical skills. 
8.4.4 Quantitative analysis 
8.4.4.1 Differences between the experimental groups 
The results of the regression analysis for all participants revealed a significant 
influence of the intervention on the use of surgical coping strategies. This provides 
evidence that the SMT was successful regarding the enhancement of knowledge and 
skills. Nevertheless, there were no significant differences in any of the performance 
measures between the two groups. This finding suggests that the learnt strategies did 
not lead to the beneficial effect on performance. The number of strategies applied 
during the simulation was assessed, and it was found that the use of strategies 
increased. However, the ratings on the extent to which the surgeons felt able to 
implement the strategies was rated at a moderate level. Hence, SMT may lack 
efficacy at the stage of implementation of the strategies in surgical practice. A full 
use of the acquired knowledge and skills was not achieved. Moreover, surgeons 
stress levels were not significantly lower in the intervention group. These results, 
however, were gained from a between group comparison on a small sample of 
subjects. With a greater number of participants a more definite statement would be 
possible. 
8.4.4.2 Analysis of changes within the groups 
The changes within the intervention group showed that in addition to the increased 
number of coping strategies there was a significant improvement of non-technical 
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surgical skills, whereas no changes in any of the performance measures were found in 
the control group. A general trend of reduced stress levels after the intervention was 
observed. This was reflected in self and observer ratings of stress and physiological 
measures. In contrast, in the control group a tendency of increased stress levels was 
shown. The explorative analysis of correlations of changes of the variables of interest 
revealed a significant relation between the reduction in observed stress responses of 
the surgeon with an increase of technical and non-technical surgical skills. 
Furthermore, the greater use of surgical coping strategies was related to a decrease in 
salivary cortisol levels. These findings suggest a general beneficial effect from 
participation in the SMT. Although the comparison of the experimental groups did 
not reveal effects of the SMT on stress and performance, the analysis of changes 
within the intervention group showed a positive development in all three constructs: 
coping, stress and surgical skills. Moreover, it was demonstrated that application of a 
greater number of coping strategies was associated with decreased stress; and 
decreased stress was associated with enhanced performance. None of these 
relationships could be identified in the control group. However, a larger sample size 
is required to provide a clearer picture of these effects. 
In summary, the quantitative data analysis for evaluating the efficacy of the SMT 
showed a clear enhancement of the application of surgical coping strategies. 
Beneficial effects for surgical performance were only observed as a tendency. The 
impact of the SMT on surgical skills could be enhanced if the training included 
elements facilitating a complete application the coping skills in surgical practice. The 
limited applicability of the strategies may be due to the characteristics of the 
experimental environment. The mean of the applicability during real surgery was 
slightly higher than indicated for the simulation. Nevertheless, the mean of the 
applicability of the strategies during real operation of M=6.6 (SD = 2.0) also 
indicated a scope of improvement. 
8.4.5 Replication of previous findings 
The sample of this study was different from the sample used in the previous 
simulation-based study. The sample size was lower and the variation of the 
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experience level was minimised. Moreover, only surgeons who had reached the 
professional level of performing a CEA in real life (with senior assistance) were 
included and all participants received detailed information about technical skills 
before the study. Furthermore, both simulations in this study included a surgical 
crisis scenario. The design of simulation 1 is almost identical with the crisis scenario 
used in the previous study. 
8.4.5.1 Findings of the data assessed at simulation 1 
When the influence of experience on surgical performance was tested, a significant 
influence was found for only one performance measure: technical procedural skills 
(OSATS). OSATS was additionally influenced by observed stress levels (SA) in the 
model. This is in line with the effects on this variable demonstrated in the previous 
study during the equivalent simulation. The non-significant effect of experience on 
EPA and OTA was likely to be an effect of the sample selection reducing the 
variability of the experience level. In the previous study, there was an interaction of 
stress and experience predicting the performance measures. This effect cannot be 
reproduced using the data of this sample. With a sample including surgeons of 
varying experience levels the combination of stress and experience may predict 
performance best. This hypothesis is supported by the results of EXP and SA 
influencing OSATS: both predictors showed a stronger effect when combined in the 
multivariate analysis than separately tested in the univariate analysis. The smaller 
sample size may additionally contribute to the non-significant finding. 
8.4.5.2 Findings of the data assessed at simulation 2 
In simulation 2, experience had no influence on any of the performance measures. 
The significant effects of SA on EPA and OSATS and a tendency of this variable to 
influence OTA were found. In addition, during this simulation surgical decision- 
making was assessed. This outcome measure was influenced by both stress measures. 
SA and LFHF. 
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The stronger effect of stress despite no influence of experience may be due to the 
greater variation of stress responses overall subjects after the SMT intervention. 
However, the influence of observed stress was replicated for this simulation. In 
addition, heart rate variability was found to be a significant predictor although no 
influence of this variable had been identified in the previous study. This finding is 
most likely specific to the cognitive challenge entailed in this novel simulation 
scenario. Heart rate variability is an indicator of mental strain and predicted the 
surgeons' quality of decision-making during the crisis. 
When SA and LFHF were included in the multivariate analysis, there were no 
significant effects. As both variables measure a similar psychological concept, the 
univariate effects were stronger. A greater number of subjects would be required to 
investigate the role of these two predictors on surgical decision-making in more 
detail. 
8.4.5.3 Non-significant effects of coping on surgical performance in both 
simulations 
The number of applied coping strategies had no significant influence on any of the 
performance measure. The possible causes of this finding are twofold. Firstly, as 
mentioned above, the participants in the IG indicated that they were not able to fully 
apply the chosen strategies. Secondly, in the previous study the coping strategies 
were assessed using interviews whereas in this study a questionnaire was used. 
Interviews were found to have a greater validity than questionnaires (Green & 
Britten, 1998). Furthermore, the questionnaire introduced a completely new concept 
of coping strategies for surgical practice to the participants. In contrast, the reported 
strategies represented activities deriving from surgeons' own practice, reflecting their 
own mental schemes. The strategies which were reported in interviews (as a response 
to open questions) are more likely to accurately reflect their practice, whereas a 
restricted use of the strategies in the SMT study was indicated. 
When the role of NC_Q was further explored for all subjects, an influence on 
HRV_C indicating a beneficial effect of reducing mental strain was indentified. 
Within the intervention group, the increased use of coping strategies was also related 
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to reduced stress, reflected in salivary cortisol levels. These findings indicate that the 
use of a large number of strategies indicated in the questionnaire contributed to a 
reduction of surgeons' intra-operative stress responses. However, future research on 
the validation and refinement of the SCOPE would be desirable. 
8.4.5.4 Patterns of salivary cortisol responses 
The findings on salivary cortisol responses of the participants revealed a similar 
pattern as in the previous study. The timing of assessment of the saliva samples 
immediately after the simulation has been shown to obtain the greatest levels 
compared to later assessment times. However, obtaining samples throughout the 
simulated operation would be desirable in order to ensure the section of the 
individual peak response. This method was not considered in this study as it would 
have interfered with the operative process, and it was likely to impair the realism of 
the simulation. Moreover, many factors can influence the salivary cortisol response 
which are difficult be adequately control in this experimental setting. When 
investigating stress during surgical simulations, physiological measures other than 
salivary cortisol may be more suitable. Nevertheless, investigating cortisol levels 
during real life operations could provide more insight into intra-operative stress. The 
advantage of such research is that the participants could be observed during their 
everyday practice without requiring them to allocate extra time to participation in the 
study and without the need to provide a laborious and expensive experimental 
setting. 
In summary, the previous findings were largely reproduced with this new data set. 
This supports the validity of the data and the results of both simulation-based studies. 
Furthermore, an effect of heart rate variability on surgical decision-making during the 
novel simulation scenario was identified. This new knowledge contributed to the 
refinement of the theoretical model on stress, coping and surgical performance 
developed in this thesis. 
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8.4.6 Perceptions of participants: results of the qualitative data analysis 
8.4.6.1 Perceived benefits of the SMT 
The qualitative feedback of the participants clearly demonstrated a , 'ery positive 
perception of this training. It was in line with the quantitative findings on realism and 
the positive effects on coping and improved procedural skills. A range of additional 
positive effects were reported which were not observable using quantitative methods. 
The IG participants perceived an improvement of surgical skills, in particular 
cognitive performance such as decision making. Furthermore they mentioned a range 
of specific stress management skills, emphasised the usefulness of the experience in 
the simulation and increased confidence. The largest number of benefits was reported 
in the category of gaining specific skills on surgical stress management. This 
highlights the usefulness of these strategies themselves. Hence, they could be 
regarded as surgical skills which are particularly beneficial in challenging situations, 
i. e. intra-operative crises. 
The feedback of the surgeons who were allocated to the control group revealed that 
the experience of the simulation activated their reflection on their own surgical 
performance and their behaviour during crisis situations. This provides evidence that 
the simulations were not only a tool of exposure triggering learning processes, but 
also contributed to an increased awareness of one's own behaviour during surgical 
crises. It encouraged the surgeons to seek knowledge and to improve their skills. It 
was perceived as a useful exercise for practising surgical skills. Nevertheless, two of 
the CG participants indicated that there was little benefit, and the statement of 
surgeon 13 indicated a frustration about being allocated to the control group. These 
findings indicate that the surgeons appreciated the benefit of surgical stress 
management training for enhancing their professional competence. 
8.4.6.2 Evaluation of the SMT components 
When the surgeons described the different SMT components, the stress management 
booklet was appraised as the most useful tool. The surgeons reported that it increased 
their knowledge of strategies, or confirmed and encouraged their previous use of 
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these strategies. They emphasised that it increased their awareness of surgical stress 
management. It was perceived as particularly useful to have a comprehensive and 
coherent framework summarising surgical coping strategies. When asked to indicate 
the most useful strategies, the responses underlay a large inter-individual variation as 
well as a variation throughout the categories of surgical coping. The surgeons 
indicated slightly more pre-operative than intra-operative strategies. In total, selected 
strategies represent a short version of the overall coping framework. This supports 
the validity of the coping concept developed in the research of this thesis. 
The mental rehearsal was found to be a most suitable training tool for surgeons in 
preparation of complex cases. The surgeons indicated to have intensified their mental 
rehearsal technique. The overall benefit of the mental preparedness was emphasised. 
The relaxation training was beneficial to aspects of performance such as decision- 
making during surgery. However, not all participants felt they benefited from 
relaxation techniques. This is likely due to the few times of exercise and the 
individual acceptance of these exercises. 
Scope for improvement was mentioned regarding minor aspects. The overall 
simulation was very realistic, but facilities for scrubbing were insufficient and the 
operating table angle could not be adjusted sufficiently. An improvement of the 
facilities in the SOT would be desirable. The use of difference surgical procedures 
and feedback on surgical skills by a consultant surgeon was suggested. The layout of 
the surgical stress management booklet could be more attractive including cartoons. 
Regarding the content and structure no amendments were made. A more instructive 
approach was preferred by some. However, the main purpose of this training tool 
was to offer knowledge. The surgeons as experts of their own preferences as well as 
the surgical tasks were to select strategies of their choice. This approach, firstly, takes 
individual differences into account, and secondly, reflects an appreciative attitude 
towards the participants and their professional expertise. 
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8.4.7 Limitations and suggestions for future research 
The nature of this study on a novel intervention was explorative. In that sense, it can 
be regarded as a `pilot' study. The sample size was smaller than in the study 
presented in chapter 6, which reduced the statistical power of the study. As the 
assessment of the stress and performance measures was simulation-based, within- 
subject changes would not have allowed a distinction between the effects of the 
simulation and the effects of the simulation in combination with the other SMT 
components. The variation of confounding factors such as experience and baseline 
level of knowledge and skills on performing the CEA was minimised by textbook 
information and an educational video. The results show, however, that these 
conditions did not completely compensate for the small sample size reducing the 
power of the study. A practical problem with the research in this domain is the 
limited availability of participants. Surgeons represent a small population. They have 
a high work load leading to a lack of time to allocate to participating in research 
projects. Due to this challenge many studies have been conducted assessing medical 
students as summarised in chapter 2. The validity of such research findings is 
questionable as the assessed tasks should be adjusted to the professional level of the 
subjects. 
As discussed in chapter 6, the results of this study remain limited to the fact that they 
were not assessed during real surgery. Future research on the effect of stress levels 
and coping strategies in the real operating theatre is needed. 
The lack of time of the participants to allocate to this study affected the initially 
planned schedule of the intervention and delayed the second simulation for up to 8 
weeks. This could potentially be beneficial if the training elements such as relaxation 
exercises and mental rehearsal had been practiced more frequently and thereby lead 
to more intensive effects. The mental rehearsal was practised only 1-3 times and the 
relaxation techniques 1 to 11 times, which is relatively low to show an effective 
change in performance (Steptoe, 1989a; Connolly & Williamon, 2004). A meta 
analysis has shown that more intensive stress management interventions including a 
minimum of ten hours training were more effective than shorter intervention 
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programmes (Kaluza, 1997). The training may result in stronger effects if the 
surgeons had been able to allocate more time for practise, as for example surgeon 5 
who indeed practised relaxation and mental rehearsal several times. On the other 
hand, this training needs to be feasible to fit in their usual practice and workload and 
acceptable to surgeons. Therefore, a more time-intensive training may not be 
applicable. Subsequently, a more effective training could be intensive yet time- 
efficient. 
The self-study of coping strategies and relaxation training were feasible materials for 
training. In contrast, the mental rehearsal as an audio version on a CD was perceived 
as less suitable and the one-to-one mental rehearsal training was preferred. In order to 
be able to provide a more effective training, the self-study elements should be 
maintained, but the mental rehearsal training could be practised more frequently and 
guided in one-to-one training sessions. 
The extent to which the surgeons felt able to apply the surgical coping strategies was 
at a moderate level, indicating that there is scope for improvement on this aspect of 
the training. In addition to a more intensive and more frequent mental rehearsal 
practise, the experience of several simulations for practising particular strategies may 
be beneficial. Furthermore, in the practical implementation of the STM in education 
programmes it could be combined with feedback on technical and non-technical 
surgical skills by an experienced surgeon. This was not applied in this study in order 
to avoid confounding effects. The interaction of a package combining training on 
procedural surgical skills and surgical stress management may be most effective. 
Simulations with a senior surgeon assisting and guiding through the case as an 
individual teaching session on technical as wells as stress management skills was 
mentioned as an ideal way of training. Comprehensive individual feedback is 
generally lacking during surgical training. Prof Reznick, expert in surgical skills 
research, emphasised in the key note speech at the ASGBI 2006, Edinburgh, UK, that 
pilots received feedback lasting several hours following a one hour performance in 
the flight simulator. He then provocatively asked the senior surgeons in the 
auditorium to reflect when they last gave a trainee an individual feedback of that 
intensity. The quality of surgical training due to practical restraints was highlighted 
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as a major concern. The challenge is to develop feasible and yet effective training 
methods for this domain. Furthermore, the process of developing, evaluating and 
optimising novel educational interventions requires extensive research. Surgical 
simulations require immense staff and financial resources. One simulation session of 
a CEA scenario including cost for staff, material and facilities amounted to 
approximately 1000 GBP. The comparison of the effectiveness of alternative, more 
economical training tools such as educational videos, mental rehearsal, and 
individual feedback would provide important information for future directions of 
educational programmes on surgical stress management. 
8.4.8 Conclusions 
Referring to Kirkpatrick's model (Kirkpatrick, 1967) on stages of evaluation of 
educational interventions, this study has provided insight into the feasibly, 
acceptability, changes in knowledge and skills and effects on professional outcomes. 
The SMT can be regarded as feasible. There was an increased use of coping 
strategies and a tendency of reduced stress levels. The impact on the professional 
outcome, i. e. surgical performance, could not be demonstrated using between- 
subjects comparisons of the experimental groups in this pilot study. However, a 
tendency of enhanced procedural surgical skills was observed within the intervention 
group. In summary the SMT represents a beneficial intervention for surgeons. Further 
research is needed in order to optimise this training approach. 
The design of the SMT could be modified to produce greater efficacy of the 
intervention. The findings of this study suggest a stronger emphasis on `practice 
tools' which facilitate a full application of the surgical coping strategies. Mental 
rehearsal training should be performed in individually guided sessions. Other training 
materials, i. e. the booklet, relaxation exercises and the simulation design should be 
maintained. In particular the content of the surgical stress management booklet was 
perceived as extremely beneficial. The scenario of simulation 2 represented a novel 
and sophisticated tool. It was challenging and realistic and similar in the perceived 
level of task difficulty to the previously developed CEA scenarios. In addition. it 
entailed the practice of reassessment and decision making during a continuing 
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surgical crisis. The training for actors developed as described in chapter 7 facilitates 
an efficient way of implementing a variety of scenarios. This was not investigated 
further in this thesis, but could be applied for future research in this area. 
Additional information on the suitability of different stress indicators was gained. 
Observed stress responses by a member of the surgical team and heart rate variability 
were shown to be variables related to surgical performance. These findings including 
biological and psychological stress indicators provide answers to some of the 
unanswered questions of limited studies on stress and coping in surgery (Hassan et 
al., 2006; Kikuchi et al., 1995; Yamamoto et al., 1999; Tendulkar et al., 2005; Bohm 
et al., 2001) and on the association of these factors with surgical performance 
(Schuenemann et al., 1984; Moorthy et al., 2003; Hassan et al., 2006). 
In this study, previous findings of the research in this thesis were replicated. This 
highlights the quality of the data and the validity of the results. The theoretical model 
of stress, coping and performance of surgeons was refined by including the influence 
of coping on stress responses, as shown in figure 8.18. 
Coginitive 
Appraisal/ 
1 
Stressors 
Stress Responses 
Experience in 
surgery J............... I 
Surgical performance 
Technical skills 
Team communication skills 
Decision-making 
Surgical coping 
strategies 
Figure 8.18. Model of Stress, Coping and Performance of Surgeons (SCOPOS). Stressors 
can lead to stress responses which impair surgical performance. Lack of competence may 
represent a stressor indicated as feedback arrow. Coping strategies surgical performance. 
The interaction of experience and stress levels influences performance. Surgical coping 
strategies influence both stress responses and surgical performance. 
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GENERAL DISCUSSION 
8.5 Summary of studies and findings 
This thesis investigated surgeons' stress and coping related to their professional 
practice and how these factors influence their performance. Based on these findings, 
a surgical stress management intervention was developed and evaluated. 
A review of the literature revealed that surgery is one of the most demanding medical 
specialties. However, research investigating effects of stress and coping on 
performance is lacking and stress management interventions for surgeons are 
virtually absent. Hence, the topic of this thesis represented largely `unknown 
territory'. A qualitative study using a theory-building approach formed the starting 
point of this research. An interview study with surgeons was conducted to gain 
insight into their perceptions of stressors, their responses to stress and how they cope. 
The results of this study provided a novel perspective on the challenges of surgical 
practice, and a new strategic surgical concept was identified: surgical coping 
strategies. 
The influence of stress and coping on performance stated by the theoretical model 
gained from this qualitative approach was then tested experimentally. A simulation- 
based study demonstrated that high stress levels were detrimental to surgical 
performance, whereas a great number of surgical coping strategies showed 
performance-enhancing effects. Subsequently, an intervention for surgeons was 
developed and evaluated using a randomised control group design. The objectives 
were to increase surgeons' use of surgical coping strategies, to reduce their stress 
levels and to enhance intra-operative performance assessed during simulated surgical 
procedures. The training included information on surgical stress management, mental 
rehearsal for preparation, relaxation techniques and the experience of operating in a 
high fidelity surgical simulation of a challenging procedure. The intervention was 
perceived as beneficial to surgical skills, the use of coping strategies and the 
participants' confidence related to their operative practice. Statistical analyses 
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demonstrated significant effects on the application of surgical coping strategies due 
to participating in the intervention compared with the control group who had 
received no training. Furthermore, the intervention group's stress levels significantly 
reduced and surgical performance increased, whereas no significant changes in any of 
the variables of interest were found in the intervention group. The results 
demonstrate that the intervention had beneficial effects on the use of coping 
strategies, stress levels and surgical performance. Further research is needed to 
provide evidence of the efficacy of such training to stress, coping and performance 
during real-life operations. 
8.6 Methodological characteristics of the research in this thesis 
In many studies aiming to investigate surgeons' stress levels, only physiological 
measures were obtained which restricted the interpretability of the findings as 
described the review of the literature in chapter 2. Very few, or limited, studies 
investigated the effects of stress and coping on surgical performance experimentally 
(i. e. Hassan et al., 2006; Moorthy et al., 2003; Schueneman et al., 1984; Eastridge et 
al., 2003; Jensen et al., 2004; Taffinder et al., 1998). Stress management training for 
surgeons was virtually absent. Hence, the research of this thesis represents an 
important contribution to the research in this field. 
The process of this research started with qualitative research. The hypotheses 
generated with this study were investigated further using quantitative methods. 
The theoretical model developed in the Interview Study was refined based on the 
quantitative and qualitative findings of the Simulation Study and was then challenged 
in the Intervention Study. This process represents a comprehensive research approach 
exploring a novel perspective on surgical practice using qualitative and quantitative 
methods. The specific multifactorial characteristics of a work environment were 
explored in depth, as suggested in critical appraisals of the literature of stress and 
coping (Briner et al., 2004; Schwartz & Stone, 1993). An interdisciplinary research 
approach was pursued and surgical stress was investigated using a variety of 
measures, representing a multilevel perspective as suggested by Berntson and 
Caccioppo (2000). Psychobiological variables included heart rate, heart rate 
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variability and salivary cortisol. Established stress questionnaires for self assessment 
such as the STAI (Marteau & Bekker, 1992) and PSS (Cohen et al., 1983) were used. 
In addition, an observer rating (SA) was developed for this research. This assessment 
of the surgeon's stress by a member of the operating team, i. e. the surgical assistant, 
was found to be a key variable in predicting performance during stressful situations 
in surgery. 
Limitations of previous research using qualitative methods for exploring coping 
strategies in other domains, such as sports, lacked reliability. Reports of general 
coping strategies often referred to events a long time ago and lacked accuracy 
(Anshel & Anderson, 2002; Nicholls & Polman, 2007). On the other hand, 
investigating strategies relating to only one particular stressful episode lacks validity 
as coping strategies relevant in other situations were not reported (Nicholls & 
Polman, 2007). In the research reported in this thesis, this methodological problem 
was addressed by using a general retrospective investigation of coping strategies. At 
a subsequent stage, the theoretical concept was refined using qualitative data assessed 
immediately after the experience of a stressful intra-operative situation in order to 
reduce bias. However, this approach is still limited as also entails retrospective 
information, and the assessment immediately after stressful real-life surgery may 
reduce bias further. In an ideal study design, coping would be assessed throughout a 
range of stressful real-life operations. However, surgical crises are not predictable 
which represents a major constraint for such studies. Moreover, using simulations 
represented an advantage for the intervention evaluations. The implementation of the 
strategies and potential beneficial effects are more likely in the same simulated 
procedure which was used for exploring the strategies. However, a major advantage 
of the coping framework is that it was grounded in surgical practice, based on in- 
depth exploration of expert surgeons' coping and could be categorised with reference 
to general coping models such as proactive coping. Hence though it is specific to 
surgery, it could as well be located in the broader context of the stress literature. 
Several simulations considered different surgical procedures and scenarios were 
designed and tested as assessment frameworks for intra-operative stress. A 
sophisticated high-fidelity simulation was selected as assessment tool. This realistic 
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and challenging framework represented a standardised yet ecological setting for this 
research as suggested in the literature (Reznick, 2005; Gaba 2004; Nicholls & 
Polman, 2007). It facilitated the performance of a complete operation (e. g. 
emphasised by Hamstra et al., 2006) rather than an isolated surgical tasks. Moreover. 
the representative sample of surgeons, in contrast to other studies assessing medical 
students or junior surgeons only (e. g. Moorthy et al., 2003; Hassan et al., 2006) 
added to the validity of the findings of this research. 
In order to assess surgical performance several measures were selected covering key 
components of surgical competence. Established outcome measures of technical 
skills such as OSATS and non-technical skills and the surgical end-product (EPA) 
were included. Furthermore, a rating of surgical decision-making (DM) reflected in 
behavioural actions during the simulation scenario has been developed. The novelty 
of some of the applied measures such as SA, DM, NC and NC_Q highlights the 
contribution of the work presented in this thesis to the current state of research. The 
findings of this research are described in the next sections, and limitations are 
discussed. 
8.7 Surgical coping: a novel theoretical framework 
In this thesis research, a theoretical model on the influence of stress and coping on 
surgical performance was developed. The most important finding, however, was the 
concept of surgical coping strategies which is highly specific and empirically 
grounded in surgery. This concept integrates a range of activities of the surgeon in 
order to ensure an optimal performance during surgery. Preparations for, as well as 
coping with, inevitable stressors and own stress responses form a comprehensive 
strategic framework. 
In the context of the literature on coping theories, this approach is most similar to 
pro-active coping, in particular the time-related model by Schwarzer (2000; 
Schwarzer, 2001). It included preventive coping, proactive and anticipatory 
strategies and was categorised with reference to this theoretical framework. Many 
strategies can be regarded as based on the principles of building up resources which 
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is also an essential component in the Conservation of Resources model (Hobfoll, 
1989) and the Broaden and Build Model of Positive Emotions (Fredrickson, ? 001). 
The most specific model of the work-related stress and coping theories was the 
Model of Coping with Stresses of Managerial Occupations (Burke, 1979). This 
focuses on coping influencing well-being and health outcomes. Nevertheless, the 
importance of factors identified in surgical coping were included, i. e. physical 
condition and mental state, social support at work and outside work, how much 
advance warning one has of an approaching stressful event (this implies the time- 
related approach and the importance of preparations), the extent and quality of 
organisational training programmes. Furthermore, there are similarities to coping 
strategies used in other professional domains. 
Several phases of coping before and during performance and coping strategies after 
performance were reported by surgeons as well as athletes (Anshel, 2001; Anshel et 
al., 2001). Problem-focussed strategies of athletes can be regarded as equivalent to 
`control of situation' and long term strategies to build up resources. They included 
for example task-orientation, focus on goals, time management, practise and 
appropriate training. Other strategies such as the use of mental rehearsal, reduction of 
anxiety, remaining confident and social support were identified in surgeons and 
athletes (Nicholls & Polman, 2007). The greatest similarities could be identified as 
the coping framework referring to elite athletes (Gould et al., 1993b). In includes 
task-orientated strategies and behavioural strategies, e. g. controlling the 
environment or following a routine. These represent equivalents to control of 
situation strategies. Thought control and emotional control, e. g. control of active 
arousal are similar to control of self. In sports as well as music preparations of 
performance plays a central role. These include mental preparedness and relaxation, 
which surgeons have emphasised as important before challenging operations. Similar 
to surgeons cocooning and ensuring an appropriate physical condition, musicians 
reported resting, nutrition and reducing the amount as social interaction the day and 
the hours before the performance (Roland, 1994). Effective avoidance strategies 
have also been applied in sports, e. g. blocking dysfunctional thoughts or avoiding 
stressors (Nicholls & Polman, 2007) and in music, for example distancing techniques 
(Steptoe, 1989b). In contrast to findings in general stress research (e. g. Cosway et al.. 
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2000; Ender & Parker, 1994) performance relevant domains such as surgery and 
sports avoidance strategies had beneficial effects (Anshel & Anderson, 2002; Krohne 
& Hindel, 1988). The similarities of surgical coping strategies with theoretical 
models revealed in other professional domains support the validity of the findings 
reported in this thesis. 
Coping was not significantly correlated with surgeons' stress levels. This shows that 
it primarily facilitated the management of stressful situations rather than reducing 
levels of stress during the operation. Nevertheless, in included self-control strategies 
which directly addressed surgeons' stress responses. This forms, however, only one 
of a whole range of surgical coping. Another point of discussion is that intra- 
operative stress levels may only reduce significantly after a surgical crisis situation 
has been successfully accomplished. This is in line with the findings of the interview 
study, as this statement illustrates: 
"And 1 think if you take the decisions and they are apparently the right ones, the 
stress becomes less because you think `that's good' you know, `I've got control. We 
want the next step. "' S4 
One of the most consistent findings of psychobiological research is reduced 
psychological, physiological and psychoneuroendocrine stress responses when an 
individual has acquired control over a challenging situation and receives clear 
feedback that this is the case (Ursin, 1998). For the surgical simulations this effect of 
stress reduction would have occurred depending on a successful surgical crisis 
management. Stress would be reduced only after the crisis was controlled. From this 
point of view, successful coping was reflected in the surgeon's technical and non- 
technical performance. In this aspect, coping and performance represented 
intertwined constructs. This supports the proposed feedback circuit of the appraisal 
of performance (i. e. perceived control after crisis management) on stress levels. This 
element of the theoretical model is most relevant at the final phases of challenging 
intra-operative situations. The qualitative findings of this research also support the 
hypothesis of a bidirectional influence of stress levels and performance, but highlight 
the central role of stress evoked by a variety of factors entailed in surgical practice. 
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As stress forms a key characteristic of surgery, coping was emphasised as substantial 
part of surgical competence. Surgeons' focus on coping and the elaborate coping 
framework support the hypothesis that stress has a major impact on performance. The 
reverse direction of the association of performance should be categorised as a 
feedback loop within the model of stress, coping and performance. 
In the Intervention Study, the positive changes in the application of coping strategies 
significantly correlated with a reduction in cortisol responses. Moreover, after the 
intervention, there was a general trend of reduced stress in the treatment group. This 
suggests that the effects of individual changes in the use of coping strategies are 
related to stress levels. However, future research is required to investigate these 
effects in more detail. Furthermore, the associations of coping with other affective 
states and patterns of emotions have not been investigated. As this forms part of the 
theory of Individual Zone of Optimal Functioning (Hanin, 2000) the intensity and 
valence of different emotions related to surgical coping and performance is a point of 
interest for future investigations. 
The `surgical coping' concept represents a broad framework of surgeons' 
professional strategies. It was identified by viewing surgeons' activities from a 
different perspective: with focus on the particular challenges of surgery. As surgery is 
generally extremely challenging, the coping concept may represent a complete 
framework of surgical skills, whereas other concepts such as technical and 
communication skills focus on particular aspects of surgical competence. Surgical 
coping skills were beneficial to the procedural performance and the outcome of 
surgery. Hence, surgical coping may represent a comprehensive summary of non- 
technical skills, going beyond the conventional definition. In the current research, 
operating team communication and team leadership were the central aspects of non- 
technical skills. Surgical coping considers these elements, but includes a range of 
additional strategies such as practical and mental preparations, decision-making 
principles and self-control strategies. The surgical coping framework may form a 
guideline for the development of future non-technical skills assessment tools and 
training. The novel aspects, for example mental preparations, mental rehearsal and 
self-control strategies require more detailed investigation. When the surgical coping 
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framework is considered as a surgical skill, it can be divided into performance- 
supporting skills before and during surgery. The proposed theoretical model of 
surgical competence integrates coping as a surgical skills framework and is shown in 
figure 9.1. Pre-operative surgical coping strategies and technical and non-technical 
skills potentially influence the quality of the surgical end-product thereby contribute 
to health outcomes for the individual patient post-operatively. This demonstrates the 
integration of a range of different skills defining competence in surgery. However, 
this theoretical model requires future research and evaluation. 
Pre-operative strategies 1I Procedural 
surgical skills 
Practical preparations 
Skills training Self-control Surgical result Health 
Cognitive preparation Communication Decisions outcome 
(e. g. planning and mental Leadership 
rehearsal) I Intra-operative 
Emotional preparation I planning 
Figure 9.1. Proposed model of surgical competence integrating surgical coping strategies as 
non-technical skills before and during surgery which potentially influence the surgical 
results and the health outcome for the individual patient. 
When surgical coping is regarded as a component of surgical competence, the 
theoretical model developed in this thesis can be simplified as shown in figure 9.2. 
Stressors lead to stress responses which can impair the performance of surgical 
procedures. Surgical competence includes strategies which help to manage the 
challenges of surgery. With increasing professional experience the appraisal of 
demands as stressors changes. Moreover, surgical competence increases and the 
impact of stress can be minimised so that an appropriate level of performance can be 
maintained. 
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_ Stressors 
Coginitive 
Appraisal/ 
Stress Responses 
Experience in 
Surgery 
........... 
SURGICAL 
COMPETENCE 
Figure 9.2. Model of stress and surgical competence when considering surgical coping as a 
surgical skill. 
8.8 Measures of stress as predictors of surgical performance 
In this thesis a range of stress measures have been implemented. Self-assessed and 
observed measures of stress levels were higher during the crisis than during the non- 
crisis scenarios in the simulated-based study in section 2. Self-assessment, however, 
was shown to be a weak predictor of intra-operative performance. This may be 
reflection of socially desirability, a lack of general awareness of their own stress 
levels or a strong focus on the operative task leaving impairing the assessment of 
their own stress levels when operating. Another explanation is provided by the 
Individual Zone of Optimal Functioning (IZOF) theory. The Yerkes-Dodson Law 
(Yerkes & Dodson, 1908) may not apply to surgery. Perceptions of high stress may 
not necessarily be related to decreased performance. Instead, the IZOF may determine 
an effect of stress levels on surgical performance. General ratings of perceived 
arousal of a group of participants may not be sufficient to indentify the effects of 
deviations from the individual optimal performance zone on surgical skills 
(Weinberg, 1990). 
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Stress assessed by the surgical assistant was the measure which showed the strongest 
association with surgical performance measures in both experimental studies. This 
represents an important finding as most stress measures used in the literature are self- 
assessment or physiological stress indicators. The perception of stress of the SA is 
likely to be more sensitive to aspects of the stress response which influence surgical 
performance. The literature has found that the worry component of anxiety is closer 
related to performance than the emotionality component (e. g. Kim & Rocklin, 1994). 
Whereas the STAI includes both aspects, the surgical assistant may be more 
perceptive to cues of worry. Another explanation would be an influence of the level 
of control (i. e. coping) displayed by the surgeon and interpreted by the assistant as 
indicator of low stress. In line with this would be the interpretation of SA referring to 
the IZOF theory. Whereas the STAI and physiological stress measures reflect the 
absolute level of stress of an individual, the SA score may reflect the deviation from 
the zone of optimal performance. Future research is needed to investigate these 
research questions in detail and to validate the SA measure. 
Salivary cortisol levels showed no associations with performance, which is contrary 
to the literature (e. g. Wolf, 2003; Het et al., 2005). This may be due to a variety of 
confounding factors on cortisol levels which are difficult to appropriately control for 
research in surgical practice. Another explanation of the reduced cortisol levels 
during the simulations is the characteristics of the simulation. Despite a high level of 
perceived realism the physiological stress levels may be still lower than during real 
life operations as the responsibility for the safety of a real patient does not apply in 
simulated surgery. Alternatively, of psychological defence mechanism, i. e. denial of 
threatening stimuli without and individual being aware of this process, may reduce 
the psychoneuroendocrine response (Ursin, 1998). Considering the professional 
culture and personality of surgeons as described in chapter 2, this may be a possible 
confounding effect. Nevertheless, in the intervention study an increase in the use of 
coping strategies significantly correlated with a reduction in the cortisol response. 
Assessments of salivary cortisol levels during real operations would be most 
interesting to investigate these questions further. 
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Heart rate did not reveal any associations with performance. However. heart rate 
variability (measured as the ratio of low and high frequencies of the spectral analysis) 
was a significant predictor of procedurals skills during the scenario requiring 
complex decision-making. In the literature, this variable was identified as an 
indicator of mental strain and was related to intra-operative phases of increased 
cognitive demands (Czyzewska et al., 1983; Bohm et al., 2001), which supports the 
validity of the findings of this thesis. For future simulation studies, observed stress 
rated by a team member such as the surgical assistant and heart rate variability can be 
recommended as stress measures relevant to surgeons' intra-operative performance. 
Nevertheless, self-assessment and salivary cortisol levels taken during real life 
operations may predict performance measures. 
8.9 Stress management training in surgical education 
The positive feedback of the surgical stress management training intervention was 
encouraging. In line with these findings, the statistical data analysis of within-subject 
changes provided evidence of these beneficial effects on stress and performance. No 
detrimental effects of this intervention were found. Furthermore, between-subjects 
comparison showed a significant increase in the use of coping strategies, but in none 
of the other measures. The information on surgical coping strategies and the mental 
rehearsal training were reported as most beneficial. The mental rehearsal was 
intensified by extending the visualisation of motor performance and integrating 
emotional and strategic elements and kinaesthetic imagery techniques (Martin et al., 
1999). 
The intervention needs to be developed further considering two aspects: firstly, the 
training efficacy needs to be optimised, and secondly, the training needs to be 
evaluated using a larger sample. For enhancing the efficacy of the intervention, 
practise modules which facilitate the application of the learnt strategies in the 
simulation and in real life need to be included. Considering the current literature, 
more frequent mental rehearsal combined with the physical exercise (e. g. the 
repeated experience in the simulation) would be most beneficial (Sanders et al.. 
2004). Moreover. combining stress management training with feedback on technical 
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skills may also be beneficial. The additional training on technical skills was merely 
excluded for experimental design reasons, i. e. to avoid confounding effects in this 
study. The participants regarded individual feedback from an experienced consultant 
surgeon as most beneficial, ideally in real time, throughout the simulated procedure. 
The individually guided mental rehearsal training was also perceived as most 
effective. Hence, individual training components represent important elements in 
surgical education. The interdisciplinary approach of psychologists and surgeons 
working together on such educational programmes would be most desirable. 
A mentoring programme for surgical trainees would be an opportunity to provide 
regular feedback on technical and non-technical surgical performance including 
stress management. In addition, this may help to identify early signs of general stress 
and burnout symptoms and help to prevent mental health problems during surgical 
training. Similar programmes for clinicians have been suggested in the literature 
(Veldenz et al., 2003; Yamey & Wilkes, 2001; Sargent et al., 2004; Bertges et al., 
2005). However, such long term mentoring programmes are beyond the focus of this 
thesis and needs to be investigated in future research. 
The observational assessment of the surgeon's stress by the surgical assistant was a 
significant predictor of performance. This suggests that this perception of could be 
integrated in the feedback in stress management training sessions. Furthermore, 
video-recordings of the surgeon during operating and monitoring themselves after 
their performance may contribute to a deeper reflection of their stress levels and their 
general display of emotion and team communication during surgery. Reviewing 
video recoded performance has been shown to be a more reliable assessment method 
than real-time ratings (Liu et al., 1980) and had beneficial effects for technical 
performance improvement. Hence, this method could also be effective in training 
surgical stress management. It may contribute to identifying and regulating the 
individual zone of optimal functioning for surgeons. 
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8.10 Limitations 
A number of limitations and suggestions for future research have been raised in the 
sections above. The major points are summarised in this section. 
The majority of the data refer to performing surgical simulation rather than real 
surgery. Although the set up and the scenarios were perceived as highly realistic, the 
transfer of skills applied in the CEA simulations to real life surgery of CEA and to 
other surgical procedures needs to be explored. 
The performance measures used in this research were objective rating scales. Other 
measures, for example motion analysis (Datta et al., 2001), may provide further 
insight into the influence of stress and coping on surgical performance. 
A main aspect requiring further research is the validation of novel tools which were 
used in the studies. In particular the scale for assessing the surgeon's stress based on 
the surgical assistant's observations needs to be validated to provide a more definite 
interpretation of the findings. This also applies to the questionnaire assessing surgical 
coping strategies. 
The results of this research provided support of the IZOF model. However, more 
research is needed to investigate the relevance of this model compared with the 
inverted-U-hypothesis of stress and performance. A range of affective states and their 
relationship to surgical performance is essential in informing the theoretical model 
and the development of effective stress management interventions for surgeons. 
A larger sample of surgeons is needed for evaluating the efficacy of surgical stress 
management training interventions. This could be investigated for surgeons at 
different levels of experience and across a range of different surgical procedures. As 
the economic costs of the surgical simulations performed for this research were very 
high alternative methods for training could be considered. 
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8.11 Reflection on challenges of conducting the research of this thesis 
Novel theoretical concepts, i. e. surgical coping and the associations of stress, coping 
and performance in surgery, were developed and refined. Hence, this thesis presents a 
comprehensive research process - the iterative process of generating and testing 
hypotheses. A particular challenge was conducting this research in the inter- 
disciplinary field where psychological, physiological, educational and surgical 
research were combined. The researcher needed to learn a range of new methods such 
as qualitative data analysis, biochemical laboratory analysis of saliva samples, the 
development of specific tools facilitating research such as surgical simulations and 
simulation team training. The inter-disciplinary collaboration was essential and 
required a great amount of organisational work. Furthermore, the fact that the 
literature in this field was limited with little material to build on was extremely 
challenging. A broad and explorative approach was pursued rather than the 
investigation of a narrow research question with directed hypotheses. A range of 
possible other directions of this research topic became apparent. However, not all of 
these research branches could be considered. The in-depth-exploration of particular 
aspects of this research needs to be investigated in future research. The associations 
of broad components, i. e. stress, coping and performance in surgery were 
investigated in order to form a basis for future work in this field. The advantages of 
this approach include the new perspective on surgical competence and implications 
for surgical training. The research outcomes are highly relevant to medical education 
and quality of health care. 
8.12 Conclusions 
The research in this thesis has provided evidence for the effects of stress on surgical 
performance. Suitable measures of stress related to surgeons' performance were 
identified. A new framework of strategies which enhance performance was found and 
a novel performance enhancing training approach for surgical education was 
developed and evaluated. Furthermore, sophisticated simulation tools and a training 
approach for simulated operating teams were suggested. All these components were 
revealed by viewing surgical practice from a psychological perspective: the focus on 
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stress and coping. This approach highlighted the challenges of surgery and strategies 
for addressing them. The new concepts such as surgical coping and the tools 
developed in the course of this research represent important aspects which contribute 
to an improvement of surgical skills training and potentially have an impact on 
positive changes for surgeons and their patients alike. Future research is required to 
investigate these aspects in more detail. The improvement of surgical education and 
quality of health care were the underlying drivers of this research and hopefully 
encourage future investigations along the lines of this innovative interdisciplinary 
research approach. 
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APPENDIX A: STRESS QUESTIONNAIRES 
1. State-Trait-Anxiety Inventory (STAI) 
2. Surgeon's stress rated by the surgical assistant (SA) 
3. Surgical Stress Scale (SSS) 
4. Perceived Stress Scale (PSS) 
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1. State-Trait-Anxiety Inventory (STAI) 
a) STAI baseline assessment before the simulation 
A few statements which people have used to describe themselves are given below. Read 
each statements and then circle the appropriate number on the right of the statement to 
indicate how you feel right now, that is, at this moment. There are no right or wrong 
answers. Do not spend too much time on any one statement but give the answer which seems 
to describe your present feelings best. 
Not at all Somewhat Moderately so Very much so 
1234 
I feel calm ....................................................................................... 1 2 3 4 
I feel tense ....................................................................................... 1 2 3 4 
I feel upset ....................................................................................... 1 2 3 4 
I am relaxed ..................................................................................... 1 2 3 4 
I am content .................................................................................... 1 2 3 4 
I am worried .................................................................................... 1 2 3 4 
b) STAI post-simulation assessment referring to the intra-operative phase 
A few statements which people have used to describe themselves are given below. 
Read each statement and then circle the appropriate number on the right of the 
statement to indicate how you felt during the simulation. There are no right or wrong 
answers. Do not spend too much time on any one statement but give the answer 
which seems to describe your feelings at that time best. 
Not at all Somewhat Moderately so Very much so 
1234 
I feel calm ........................................................................................ 
1 2 3 4 
I feel tense ....................................................................................... 
1 2 3 4 
1 feel upset ...................................................................................... 1 
2 3 4 
I am relaxed ..................................................................................... 
1 2 3 4 
I am content .................................................................................... 
1 2 3 4 
1 am worried .................................................................................... 
1 2 3 4 
2. Surgeon's stress rated by the surgical assistant (SA) 
Please indicate on the rating scale below to what extent you perceived 
the surgeon to be stressed during the simulation? 
not at all 
0123456789 10 
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3. Surgical Stress Scale (SSS) 
Please indicate on the rating scale below to what extent you felt stressed during the simulation? 
not at all 
0123456789 10 
4. Perceived Stress Scale (PSS) 
The questions in this form ask you about your feelings and 
thoughts during the few days. In each case you will be asked - N M 
how often you felt or thought a certain way. The best 
approach is to answer the questions fairly quickly. That is, y y 
don't try to count the number of times you felt a particular E 
way, but rather indicate the alternative that seems like y E E 
reasonable estimate. z Q 
ý' > 
1. In the last few days, how often have you been upset 
because of something that happened unexpectedly? 
2. In the last few days, how often have you felt that you were C1 71 71 M 71 
unable to control the important things in your life? 
3. In the last few days, how often have you felt nervous and 71 71 0 71 71 
stressed? 
4. In the last few days, how often have you dealt with 71 71 0 71 71 
irritating life hassles? 
5. In the last few days, how often have you felt that you were 
71 a O 73 13 effectively coping with important changes that were occurring 
in your life? 
6. In the last few days, how often have you felt confident 71 71 71 71 71 
about your ability to handle your personal problems? 
7. In the last few days, how often have you felt that things 71 r] 73 M 71 
were going your way? 
8. In the last few days, how often have you found that you 71 0 71 71 71 
could not cope with all the things you had to do? 
9. In the last few days, how often have you been able to 71 71 71 71 
control irritations in your life? 
10. In the last few days, how often have you felt that you were 71 71 71 71 71 
Oil to of thins? 
11. In the last few days, how often have you been angered O 73 71 M 71 because of things that happened that were outside your 
control? 
12. In the last few days, how often have you found yourself 71 71 771 71 71 thinking about things that you have to accomplish? 
13. In the last few days, how often have you been able to 71 771 71 73 71 
control the way you spend your time? 
14. In the last few days, how often have you felt difficulties 71 71 71 71 71 
were piling up so high that you could not overcome them? 
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APPENDIX B: SURGICAL PERFORMANCE ASSESSMENT TOOLS 
1. Objective Structured Assessment of Technical Skill (OSATS) 
2. Observational Team Work Assessment for Surgery (OTA) 
3. End Product Assessment (EPA) 
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1. Objective Structured Assessment of Technical Skill (OSATS) 
Please circle the candidate's performance on the following scale: 
Respect for 1 2 3 4 5 
tissue Frequently used Careful handling Consistently 
unnecessary of tissue but handled tissues 
force on tissue occasionally appropriately 
of caused caused with minimal 
damage by inadvertent damage. 
inappropriate damage. 
use of 
instruments 
Time and 1 2 3 4 5 
motion Make Efficient Clear economy 
unnecessary time/motion but of movement 
moves. some and maximum 
unnecessary efficiency. 
moves. 
Instrument 1 2 3 4 5 handling Frequently asked Competent use Fluid moves 
for the wrong of instruments with instruments 
instrument or although and no 
used an occasionally awkwardness. 
inappropriate appeared stiff or 
instrument awkward. 
Suture 1 2 3 4 5 Handling Awkward and Careful and slow Excellent suture 
unsure with with majority o control with 
repeated knots placed placement of 
entanglement, correctly with knots and 
poor knot tying appropriate correct tension. 
and inability to tension. 
maintain tension. 
Flow of 1 2 3 4 5 
operation Frequently Demonstrated Obviously 
stopped some forward planned course 
operating or planning and of operation with 
needed to reasonable efficiency from 
discuss the next progression of one move to 
move. procedure. another 
Knowledge 1 2 3 4 5 
of procedure Insufficient Knew all Demonstrated 
knowledge. important steps familiarity with 
Looked unsure of the operation. all steps of the 
and hesitant. operation. 
Overa 11 1 2 3 4 5 
performance Very poor Competent 
Clearly superior 
Quality of 1 2 3 4 5 final product Very poor Competent Clearly superior 
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2. Observational Team-work Assessment for Surgery (OTA) 
Please follow the key given below and circle the number corresponding to the surgeon's 
performance: 
NA 1 2 3 4 5 6 
not applicable not done not done 
well 
done 
very well 
CATEGORY ELEMENT RATING 
COMMUNICATION (a) Instructions to assistant- clear and polite NA 1 2 3 4 5 6 
AND (b) Instructions to scrub nurse- clear and polite NA 1 2 3 4 5 6 
INTERACTION (c) Clear communication with anaesthetist NA 1 2 3 4 5 6 
regarding stage of procedure 
(d) Appropriate communication with patient NA 1 2 3 4 5 6 
during procedure 
VIGILANCE/ (a) Monitored patient's parameters throughout NA 1 2 3 4 5 6 
SITUATION the procedure 
AWARENESS (b) Awareness of anaesthetist NA 1 2 3 4 5 6 
(c) Actively initiates communication with NA 1 2 3 4 5 6 
anaesthetist during crisis periods 
TEAM SKILLS (a) Maintains a positive rapport with the whole NA 1 2 3 4 5 6 
team 
(b)Open to opinions from other team members NA 1 2 3 4 5 6 
where appropriate 
(c) Acknowledges the contribution made by NA 1 2 3 4 5 6 
other team members 
(d) Supportive of other team members NA 1 2 3 4 5 6 
(e) Conflict handling eg. concentrates on what NA 1 2 3 4 5 6 
is right rather than who is right 
LEADERSHIP (a) Adherence to best practise during the NA 1 2 3 4 5 6 
AND procedure eg. does not permit corner cutting by 
MANAGEMENT self or team 
SKILLS (b) Time management eg. appropriate time NA 1 2 3 4 5 6 
allocation without being too slow or rushing 
team members 
(c) Resource utilisation i. e. appropriate task- NA 1 2 3 4 5 6 
load distribution and delegation of 
responsibilities 
(d) Debriefing the team i. e. provides details and NA 1 2 3 4 5 6 
feedback to the entire team about the procedure 
(e) Authority/ assertiveness NA 1 2 3 4 5 6 
DECISION (a) Prompt identification of the problem NA 1 2 3 4 5 6 
MAKING- CRISIS (b) Informed team members- promptly, clearly NA 1 2 3 4 5 6 
and to all team members 
(c) Outlines strategy/ institutes a plan i. e. asks NA 1 2 3 4 5 6 
scrub nurse for lignocaine, shunt, flush, suction 
(d) Prepares a contingency plan eg. asks NA 1 2 3 4 5 6 
anaesthetist to order blood, calls for help 
(e) Option generation- takes the help of the NA 1 2 3 4 5 6 
team (seeks team opinion) where appropriate 
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3. End-Product-Assessment (EPA) 
Please circle the candidate's performance on the following scale: 
1 2 3 4 5 Incision 
Jagged incision or Incision adequate Appropriate length 
posterior wall to facilitate and placement of 
damage. Not an endarterectomy incision from 
adequate incision to common to internal 
allow for carotid artery. 
endarterectomy. 
Incision through 
external carotid 
artery. 
1 2 3 4 5 Residual 
plaque 
Most of plaque Some residual All plaque removed. 
remaining in the plaque. Bulb and Clean vessel. 
vessel or potentially internal clear. 
unstable plaque 
remaining 
1 2 3 4 5 Closure 
Clear overlap of Mostly everted Everted edges, no 
vessel wall, or however some obvious areas of 
inverted edges. areas of overlap. stenosis of vessel. 
Areas of obvious Superior 
stenosis. Poor. 
1 2 3 4 5 
Suture Erratically Competent, may Superior positioning 
Placement positioned and need some minor of sutures of correct 
sized bites. Very revision. bite size. No 
likely to leak obvious stenosis 
obvious stenosis 
1 2 3 4 5 Overall 
I, xcessive stenosis Some stenosis of Maximal cross- 
technical of vessel. vessel however sectional area 
quality Sutures placed in reasonable intima- achieved. Neat 
haphazard manner. intimal suture line. A 
Excessive residual apposition. Suture clearly superior 
plaque placement end- product. 
adequate Looked secure 
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1. Information for participants 
Research project: Stress in Surgery 
This is a project funded by the Association of Surgical Education 
Principal Investigator: Dr Roger Kneebone 
Senior Lecturer in Surgical Education 
Department of Biosurgery and Surgical Technology 
Imperial College London 
St Mary's Hospital 
2"d Floor QEQM 
Chancellors Teaching Centre 
Praed Street 
London 
W2 INY 
Email: r. kneebone@imperial. ac. uk 
Tel +44 (0)20 7886 7930 
You are being invited to take part in a research study. Before you decide it is important for 
you to understand why the research is being done and what it will involve. Please take time 
to read the following information carefully and discuss it with others if you wish. Ask us if 
there is anything that is not clear or if you would like more information. Take time to decide 
whether or not you wish to take part. 
The aim of our interview study is to explore surgeons' perceptions of stress related to their 
work. The interview will cover a range of aspects including sources of stress, stress 
responses, consequences of stress and how surgeons cope. The analysis of the data should 
provide an overview of individual perceptions. We do not intend to find out details of 
certain cases, and there is no interest in identifying any mistakes or lack of skill. Our only 
interest is surgeons' experience of stress related to their work and topics which they regard 
as relevant to this. The interview will last for about one hour and will be audio-recorded. We 
record these interviews only for our study and participants will not be identified. All 
information will be treated confidentially. 
Participation is voluntary. If you do decide to take part you will be given this information 
sheet to keep and be asked to sign a consent form. If you decide to take part you are still free 
to withdraw at any time and without giving a reason. A decision to withdraw at any time, or 
a decision not to take part, will not in any way affect your professional advancement. 
All information will be kept strictly confidential. None of the information is in a format in 
which you would be identified. 
Thank you very much for your time and consideration. I'm looking forward to hearing from 
you soon. Please don't hesitate to contact me if you would like any further information at 
this stage. 
Yours sincerely 
Cordula Wetzel 
Research Associate 
Email c. wetzel(aDimperial. ac. uk 
Tel +44 (0)20 7886 1786 
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2. Semi-structured interview topic guide 
Introduction 
1. Main focus of this study is to understand surgeons' views on stress related to their 
work and their individual experiences. There are no right or wrong answers. 
Anything regarded as relevant to stress in surgery by the individual participant 
represents most valuable information. 
2. Emphasise confidentiality 
3. Provide opportunity for questions 
Stress in surgery - in general 
1. A variety of things can cause stress. What kinds of things cause you stress? 
2. What are sources of stress in surgical practice? 
3. How do you respond to stress? 
alternative questions: How do you know you are stressed? / What happens to you when you 
are stressed? / How do you identify stress in yourself? / Which symptoms do you notice? 
e. g. physical, emotional, cognitive, behavioural, environmental 
4. What aspects does stress influence in your practice? What are consequences of 
stress in surgery? 
5. How do you cope? 
Experience of a stressful situation in the past 
Please think of a stressful incident in theatre that sticks in your mind. 
What was stressful about it? 
2. Could you please describe the situation 5 minutes before it became stressful? 
3. How did it turn into a stressful situation? 
4. How exactly did you experience this? 
What where your, feelings/thoughts/behaviour, actions/physical responses? How did people 
in lour environment respond? 
5. What aspects of your practice were influenced? What were the consequences? 
6. How did you cope? 
Closing 
1. Anything else you would like to mention? 
2. Thank you very much for participating in this study. 
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3. Thematic structure of surgical coping strategies 
This table includes the structure of surgical coping strategies revealed in the interview study 
and verbatim quotations. 
" GETTING CONTROL - the overall principle "Fundamental for not being stressed is You are in 
control. " SI4 
" Early recognition of stress Early recognition of risk situations and awareness 
of own stress responses 
You might change your mind perhaps if you know you 
are a bit panicky about it ... you might stop your 
logical sequence of doing something. You don't 
recognise that it is happening and I think it's very 
difficult then. " SI I 
"That's like driving a car, isn't it.... You may not 
realise fatigue coming in, but it is. Then you need to 
stop ... 
have a break. "SI I 
" Stop and stand back Gain time; stop operating while thinking and 
deciding 
"The worst thing you can do, ... 
is to continue with a 
dangerous situation and just go on and go on and go 
on. You have to have something that just breaks, 
breaks the cycle. And as soon as you break the cycle 
you quieten down a bit, you start thinking a bit more 
clearly ... and you can start 
developing new ideas and 
new thoughts. " JIO 
"stand back and then take things calmly. I thinks that's 
where a lot of ah... students ah... don't realise that 
there is always time, you know, you have time to 
reassess the situation " S8 
"It's no point in panicking and stressing yoursel/: 
[CW: How do you make sure that you don't panic? ] 
You just take a moment, take a deep breath... well, well 
if you panic than you just have to step back.... 
ÄIentally, not physically, mentally. You step back, 
decide about your strategy and you go back and do it 
again, start again. " S16 
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continuing table 
A) Control of Self "If you get stressed you don 't function properly. "S16 
"You control the situation ... you also have.. ) to 
regain control of yourself because there is no point to 
be stressed out because you can 't think properly. So I 
think you have to... sort of calm down. " S9 
" Distance yourself from the stressor by 
o Distancing yourself mentally e. g. using third person strategy 
"Try to be a little bit third person,... what would he a 
sensible person 's recommendation to make this 
operation better for me. " S7 
o Having a break and leaving the operating "Some surgeons have a rest. When I'm doing a six- 
table hour operation ... I will often stop at 3 to 4 hours, go 
away and have a biscuit and a cup of tea, uhh, and just 
leave the patient on the table ... 
I'm much more 
relaxed when I come back, and I'm less tired. And I 
finish the operation much quicker having spent 15 
minutes out than I would have done " SI I 
"What I usually do is, iffor example I got a wrong 
instrument I'll I put a pack in and go and stand and 
look at the window... you know, just do something that 
takes me out of the stressful environment. " SI I 
o Doing another part of the operation and "Hove away from the difficult bit and come back to it 
getting back later later. " S14 
o Focussing on the task "If you are talking about stress then I think the most 
important thing is just to have one thing to concentrate 
on ... is what relieves you ofstress. Ifyou 
have uhm... 
no extraneous thoughts you can 't promise that, can 
you, because human beings have extraneous 
thoughts... but if you can limit those two things that 
are ... that 
's very important to do. " S14 
"At the end of the day you have just got to get to the 
end of the operation. So you make sure that you are 
completely pragmatic, completely focused on the 
task. " S12 
o Ignoring stress and personal problems Personal problems: "That's tough. You can't afford to 
and shutting it out think about of any of those things when you are 
dealing with an emergency crisis like that. You just 
ignore it. " S7 
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continuing table 
" `Stop and Stand back' facilitating 
reduction of own stress responses 
o To calm down or remain calm Waiting for a moment to reduce emotional stress 
responses 
"A good surgeon will actually stand back and 
probably what he is doing while he is standing back, 
putting pressure on it [the bleeding], is actually not 
just getting the right things to do the job properly but 
is also probably to reduce stress in himself. " SI 1 
o To get a clear mind Waiting for a moment to improve cognitive 
functioning 
o To physically relax Reducing physical stress responses; taking a 
breath, stretching, waiting to reduce high heart 
rate etc 
"You have to be relaxed. It's like playing football. If 
you are not relaxed you are not gonna play well. " S16 
"I actually train myself, just sit and totally relax... and 
1 can actually in five minutes... I think rejuvenate 
myself... totally. " S4 
" Self-instructions (silent) 
o To calm down or to remain calm; Controlling own emotional response; Controlling 
enhance confidence mental state and mental energy 
"I have to keep thinking to myself `I need to stay 
calm, I can deal with this '.... I know I can do it, I am 
good at it, I have a very low complication rate, I know 
I have done that before and I have done a lot of it. " S7 
"You have to suppress the feelings, I think, because 
the last thing you want to do, is to rush into 
something... and the other thing about hurrying that is 
negative is, you don't want to rush into something just 
because it looks like as a terrible problem now, the 
patient is going to bleed to death and I don 't do 
something in a hurry, ... calm about it, take time, solve 
the problem. " S1-1 
o To improve focus on the task Controlling own attention, avoiding distractions 
o To analyse the problem logically Guiding themselves through the problem solving 
process in a systematic way 
"Let's think logically: 'What is the next step that I 
need to do to regain control in this situation? How can 
I improve what I'm doing at the moment? '"S7 
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continuing table 
B) Control the situation "You control the situation ... you tell the 
anaesthetist that the patient is bleeding or 
something like that. I think to regain control, ... 
you also have and also to regain control of yourself 
because there is no point to be stressed out because 
you can 't think properly. So I think you have to... 
sort of calm down. " S9 
" Stop distractions Stop radio, chatting etc 
"Remove the stressful stimulus. 
"I tell people to be quiet, polite/v. 
" `Stop and Stand back' facilitating the "Stand back and then take things calmly. I thinks 
decision-making process that's where a lot ofah... students ah... don't 
realise that there is always time, you know, you 
have time to reassess the situation - SS 
o Reassess the situation "Sit hack, and depending on the urgency of the 
  Identify the problem situation you would try and just analyse what's 
  Identify cause of the problems going on, why is this happening, what's going on. 
S3 
"This situation is not going well ... 
let 's not get 
stressed. What are the problems in this case? Wiry 
is this case difficult? What are the things I can 
actually tackle ... if the patient is too 
fat, obviously I 
can 't do anything about that ... 
but quite often 
there are lots of technical things ... and I 
decide 
which are the things I can make a difference to "S12 
  Seek information from team "Let everybody know you've got a problem.... 
[otherwise] they can 't help. " S7 
o Decision making 
  Ignore old plan and start "thinking from scratch " S16 
thinking from scratch 
  Brainstorming "Is there any other way I could do it? "S12 
  Prioritising "Within the working environment one has to remain 
a calm coping and prioritisation "S7 
  Anticipate problems 
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continuing table 
  Decision and a backup plan "I have always a backup plan. " S1 6s 
"I can deal with stress and as long as I procedure 
the operation and I have got a backup plan and 1 
can just progress, I'm doing well, even if I am a bit 
stressed. " J10 
o Prepare next steps "I try temporarily control the situation with a pack 
(incl. the team, the equipment etc) or pressure, and then that gives me time to uhhh... 
think about what I'm going to do... , make sure that 
all the right equipments are available ... 
I try and 
control the situation ... 
I wouldn 't take the pressure 
off until 1 had the right instruments ... and 
1 check if 
everything is there. "SII 
"Put a pack and push down on the area that is 
bleeding and hold it there and in meanwhile I would 
inform the anaesthetist.... Second thing is that you 
have to make sure that your light is adequate ... 
probably I would ask for a suture or a ... to 
be 
ready and loaded uhm... have your assistant... 
ready and woken up, make sure they are alert and 
... call 
for another assistant ... and then, I think, if 
everyone is happy, the anaesthetist is happy,... then 
I take the pack out and try and find the whole where 
it's bleeding from. " S9 
o Go through mental checklist "Mentally Igo through the list of what am I 
doing. "S7 
o Double-check "You have to have an inbuilt sort of checking 
mechanism all the time in your head. You need to be 
a little bit anxious to be a good surgeon because 
you have got to be a bit thinking of all the things 
that can go wrong like when you make the first... 
maybe making the incision taking out a kidney or 
something you got to think `god, is this the right 
side? '... it's just a little sort of check "S8 
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continuing table 
" Involving the team and solving the 
problem 
o Communicate the problem "Stay calm, have confidence, assume control, that 
everybody knows it, let everybody know you've got 
a problem. ... 
[otherwise] they can't help. " S7 
o Avoid tension among the team You do depend very much on the other members of 
  Quiet coping the team in an operation ... 
I feel I always have to 
  Calm communication give the air that I'm completely in control ... 
Because if you start to panic, rush around, shouting 
at everybody then everybody gets upset and nobody 
does anything properly and the whole thing gets 
quite stressed. " S14 
"... you as a surgeon should be in control and 
controlling. I always saw getting cross as a loss of 
control. " SI I 
  Humor "I suppose you have to be little bit light hearted 
sometimes, an, uhm, you know sometimes if you 
think of a little joke or something that can just help 
relax you a little bit. " S8 
o Make sure the team works well together " I make myself more commanding, more assertive, 
  Checking actions of the team let everybody know that I'm in control and if I 
  Clear instructions, leadership speak they need to listen and they need to act.... It 
becomes then a much more hierarchical structure 
then a team structure. " (S7) 
o Perform planned operative steps "I think if you take the decisions and they are 
apparently the right ones the stress becomes less 
because you think 'that 's good 'you know, 'I've got 
control. We want the next step. "' S4 
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continuing table 
" Call for help "The really dangerous surgeons are the ones who 
do not know when to call for help. " S7 
" Get additional support Get more staff or more experienced staff, i. e. 
senior nurse or assistant 
  Call a specialist "In a big hospital situation there is a lot of support 
around you. There are also, if you come across a 
problem which is a bit out of your field and there 
are always plenty of other people. " S8 
  Get a second opinion "Not me being tired but my college ... 
I think he 
called me to come in and help him to make a 
decision, uhm, ... so 
I was able to much more easily 
then he was able to at that time. " S9 
  Call a more senior surgeon "Obviously this situation was to call the boss. " S4 
355 
, -, 
Broaden knowledge and skills Reading, attending courses, practising skills 
o Counteractive strategies 
 I lobbies "What I usually do is a lot of exercise ... a very good 
  Sports stress reliever. ... 
I suppose I get rid of tense and 
aggression. " 
  Meditation "meditate "S8 
  Relaxation e. g. practicing autogenic training (S8) 
o Social support "Talk to your colleagues ... 
There 's a sort of genera//i 
supportive... sort of network "SI2 
"If I had a lot of fear, I need to share it with somebody 
because if you don 't share it with somebody you 
become very isolated, you think oh my god I 'm the only 
person that's ever scared when I'm operating ... you 
feel much better, you feel it's a common experience, 
you know, ... this 
is normal, you know, what I feel is 
normal, and that's helpful too. " S7 
o Reanalysing cases "... somebody to talk about it a%ter wards, alnn... 
certainly that helps, that's very important, to talk, to 
talk through it afterwards ... 
To think about it, to 
discuss it with colleges too " S7 
"I can read literature and I can go back to the 
literature to see if there is something there that has 
been appointed as abnormal or a rarer point of you 
know bleeding that happened... . 
So books, literature, 
ahm... experienced colleges. I'ery important after a 
surgery. " JI 0 
o Accept stressors as part of the job "I just regard it [working with trainees] as part of my 
job. " SI I 
"It's a compliment that you are asked to do a lot of 
things. "S12 
o Focus on current positive things "Trying to take myself out of the environment... maybe 
thinking about what I am doing for the rest of week 
or... if I am going on holiday soon I might think about 
going away on holiday. ... 
I suppose it makes you 
realise that there is a world outside of that highly 
stressed environment. " SI I 
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Avoiding stress in advance You maY have a darb to that patient. Your biggest durl 
that day is to do a six hour operation on. The last thing 
you want is your surgeon to arrive stressed worked up 
in a bad mood... you know, you don 't want that. 'Si I 
"The trick is in surgery that if you do things by getting 
yourself out of trouble, planning not to lead yourself 
into any trouble. Not planning how to get yourself out 
of trouble. ... It's all planning not to get yourself into 
trouble. " S16 
o Planning and preparing of cases "Everything I do in life is planned. Unplanned 
activities are fined, unplanned activities are stressful. 
S16 
o Anticipating and backup-planning "I have always a backup plan. " S1 6s 
"I can deal with stress and as long as I procedure the 
operation and I have got a backup plan and I can just 
progress, I'm doing well, even if I am a bit stressed. 
J10 
o Appropriate physical condition Sufficient sleep and relaxation before cases 
o Cocooning Avoiding stressful activitiesbefore cases 
"The last thing you want is your surgeon to arrive 
stressed worked up in a bad mood... you know, you 
don't want that. ... 
Before a big operation I usually try 
and walk away from stressful situations so I don 't get 
stressed. ... 
I try and cocoon myself from stress ... 
deliberately. I don 't do phone calls, I don 't do anything 
like that. ... 
1 read the newspaper, ... and just 
relax. "S11 
"I have learnt managing strategies for delays ... 
I don 't 
let them get to me any more, you know. If there is a 
delay I just read a paper or do something or so. "Si I 
o Checking team and equipment "I make sure in advance that I'll have a good assistant. 
I can 't control the anaesthetist but I can slightly 
control how much they check and if I'm doing a 
complex procedure I actually I tell the nurses ... that 
I 
do not want to have a trainee nurse ... reduce stress in 
advance. "S/I 
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APPENDIX D: MATERIALS FOR THE PILOT SIMULATION STUDIES 
1. Information for participants 
2. Demographic and background data assessment form 
3. Rating scale on perceived stressfulness of the pilot simulations 
4. Realism rating scales evaluating the SFJ and CEA pilot simulations 
5. Realism rating form evaluating the LC simulation 
6. Participant information on the SFJ, LC and CEA simulations 
7. Illustrative material of the CEA simulation set up 
JSö 
1. Information for participant recruitment for the simulation pilot 
studies presented in chapter 5 
Information for participants of the research project: Stress in Surgery 
This is a project funded by the Association of Surgical Education 
Principal Investigator: Dr Roger Kneebone 
Senior Lecturer in Surgical Education 
Department of Biosurgery and Surgical Technology 
Imperial College London 
St Mary's Hospital 
2°d Floor QEQM 
Chancellors Teaching Centre 
Praed Street 
London 
W2 INY 
Email: r. kneebone@imperial. ac. uk 
Tel +44 (0)20 7886 7930 
You are being invited to take part in a research study. Before you decide it is important for 
you to understand why the research is being done and what it will involve. Please take time 
to read the following information carefully and discuss it with others if you wish. Ask us if 
there is anything that is not clear or if you would like more information. Take time to decide 
whether or not you wish to take part. 
The ASE project of the Department of Surgical Oncology and Technology, Imperial College 
London, looks at stress in surgeons. There are several questionnaires to fill in before and 
after the simulation and an interview about your experience of the simulated case. The 
simulation takes place in the Virtual Operating Theatre at St Mary's Hospital, on the 4`n 
Floor of the QEQM Building. ou will perform the simulated operation as primary surgeons 
and work with a full operating team. The simulation will be realistic and is likely to make 
you feel stressed. This will also be an opportunity to assess your surgical skills. A surgeon 
would give you feedback on your performance after the simulation if you wish. 
The simulated surgical procedure is a Saphenophemoral Junction Dissection. 
( alternatively: Laparoscopic Cholecystectomy / Carotid endarterectomy) 
All information about the simulation will be treated confidentially. We will use those data 
only for the purpose of our research. No information about your performance will be given 
to any of your supervisors in your clinical work. 
Participation is voluntary. If you do decide to take part you will be given this information 
sheet to keep and be asked to sign a consent form. If you decide to take part you are still free 
to withdraw at any time and without giving a reason. A decision to withdraw at any time, or 
a decision not to take part, will not in any way affect your professional advancement. 
Thank you very much for your time and consideration. I'm looking forward to hearing from 
you soon. Please don't hesitate to contact me if you would like any further information at 
this stage. 
Yours sincerely 
Cordula Wetzel 
Research Associate 
Email c. wvetzeI imperial. ac. uk 
Tel +44 (0)20 7886 1786 
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2. Demographic and background data 
Participant 
Number 
Gender 0f Om 
Age 
Current level of experience in surgery 
Date of qualification 
Number of years in surgery 
Surgical Specialty 
Current status Q SHO Q SpR (yr 1-3) Q SpR (yr>3) Q Consultant (yrs. - 
Number of simulated operations [ i. e. laparoscopic cholecystectomies] performed as 
primary surgeon 
Number of simulated operations [ i. e. laparoscopic cholecystectomies] assisted 
3. Rating scale on perceived stressfulness of the pilot simulations 
referring to the characteristics of the simulation 
Please indicate your own experience during the simulated operation on the following scale: 
How stressful did you perceive 
the operation to be? 
not at all totally 
01 2 3 4 5 6 7 8 9 10 
Date 
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4. Realism rating scales for the SFJ and CEA pilot simulations 
Please indicate in a scale from 0-1 how realistic you perceived the following aspects of the 
simulation: 
Realism of the synthetic model 
not at all 
0123456789 10 
Global realism of the simulation 
not at all ioiall 
0123456789 10 
5. Realism rating form evaluating the LC simulation 
Please indicate on a scale from 0- 10 
how realistic you perceived the 
following aspects of the simulation. not at all Please feel free to add any comments. 
Global realism of the simulation 0 
Virtual reality simulation equipment 0 
Positioning of the mannequin, monitor 0 
and laparoscopic equipment 
Behaviour of the simulated tissue 0 
Simulated team 0 
simulated patient consent 0 
totally 
12 3 4 5 6 7 8 9 10 
12 3 4 5 6 7 8 9 10 
123456789 10 
l2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
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6. Information for participants on the SFJ, LC and CEA simulation 
a) Information on simulated SFJ: 
The Simulated Surgical Procedure 
You have been asked to do a left SFJ ligation only (no LSV strip) in the Day Surgery 
Unit. 
You have seen the patient preoperatively - he is a 65year old male. He has stable 
angina on severe exertion only, and hypertension which is controlled on medication. 
Your consultant, Mr McCulloch, is very senior, but new to this hospital. The 
anaesthetist you will be working with has a reputation for being a little impatient. 
The scrub nurse is relatively inexperienced. 
Course of action 
First there will be several questionnaires to fill in. Then we go next door to the 
Virtual Operating Theatre. You might have to wait a few minutes in front of the door. 
This is because we need to check first if the team is ready to start. Then we will call 
you in. 
When you enter the operating theatre, put on your sterile gown and gloves which will 
be placed out for you (assume you have already scrubbed). Proceed then to the 
operation, which has already been prepped and draped for you by your assistant. 
Please do this operation as you normally would do and try to ignore the fact that this 
is a simulation. 
You can finish the operation at any time. When the simulation is finished, there will 
be a short debriefing with you and after that another debriefing with you and the 
operating team to step out of roles and go back to `real life'. After that there will be 
questionnaires to fill in an interview in the meeting room. 
Please don't hesitate to ask if you have any further questions. 
Please give your signature that you have read the information above and are happy to 
participate in the simulation. 
Thank you very much! 
Name 
....................................................... 
Signature 
.................................................. 
Date 
.......................................................... 
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b) Information on the Laparoscopic Cholecystectomy (LC) 
simulation 
Thank you very much for participating in this simulation study. This research aims to assess 
a number of parameters. We will be obtaining the following data: 
" Technical skills 
9 Non-technical skills 
" Stress questionnaires 
" Interview (audio recorded) 
The simulation aims to be as realistic as possible and we will expect you to treat this as you 
would a real operation in every respect. This will be an opportunity to look at your 
performance as a surgeon in all respects and we will provide with feedback on all aspects of 
your performance if you wish. 
The simulation will take place in the `Virtual Operating Theatre' on the 4t'' floor QEQM 
Wing, St Mary's Hospital. You will be required to consent the patient, played by an 
actor/actress prior to the start, and questionnaire data will be obtained. 
You will carry out a laparoscopic cholecystectomy under general anaesthetic. You will work 
with a full operating team, including an anaesthetist, a scrub nurse, a circulating nurse. 
When you enter the operating theatre, you will put on your sterile gown and gloves which 
will be placed out for you (assume you have already scrubbed). Proceed then to the 
operation. The ports have already been placed for you. 
All aspects of the procedure will be recorded, however, this is purely for research and no 
one outside the research team will have access to this. When the simulation is complete, 
questionnaire and interview data will be obtained in the meeting room, and you will receive 
feedback on your performance. 
Once again, you should expect this to be as close to reality as we can achieve and should 
therefore attempt to react as you would if performing this procedure on a real patient. 
All information about the simulation will be treated confidentially. We will use those data 
only for the purpose of our research. No information about your performance will be given 
to any of your supervisors in your clinical work. 
Consent 
I 
................................................................. 
do hereby agree to take part in this 
simulation project and have understood all the information about the project given to 
me. 
Signature 
............................................... 
Date 
..................................................... 
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c) Information on the Carotid Endarterectomy (CEA) simulation 
Thank you for participating in the carotid endarterectomy simulation study. 
General information 
This project aims to assess a number of parameters. Objective non-invasive measures of 
stress include continuous heart rate monitoring (using a wireless sensor) and salivary 
cortisol before and after the operation (participants chew a small cotton swab). Afterwards 
we will interview each surgeon about his or her experience during the simulated operation 
and apply several questionnaires. This will be an opportunity to look at your performance as 
a surgeon in all respects and we will provide with feedback on all aspects of your 
performance. The following data will be obtained: 
" Technical skills 
" Non-technical skills 
" Assessment of the surgical end-product 
" Heart rate monitoring 
" Salivary cortisol 
" Stress questionnaires 
" Interview (audio recorded) 
The simulation aims to be as realistic as possible and we will expect you to treat this as you 
would a real operation in every respect. This will be an opportunity to look at your 
performance as a surgeon in all respects and we will provide with feedback on all aspects of 
your performance. 
Start 
Prior to performing the procedure the following data will be obtained: 
" questionnaires 
" applying heart rate monitor 
" salivary cortisol test 
" time to relax in order to establish baseline parameters of stress 
The simulation will take place in the `Virtual Operating Theatre' on the 4`h floor QEQM 
Wing, St Mary's Hospital. You will be required to consent the patient, played by an 
actor/actress prior to the start. 
Operation 
You will carry out a right carotid endarterectomy with primary closure under local 
anaesthesia. The carotid artery has already been exposed by a junior colleague who will be 
assisting you in performing this procedure. You will work with a full operating team, 
including an anaesthetist, a scrub nurse, a circulating nurse. 
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When you enter the operating theatre, you will put on your sterile go« n and gloves «hick 
will be placed out for you (assume you have already scrubbed). Proceed then to the 
operation. 
All aspects of the procedure will be recorded, however, this is purely for research and no 
one outside the research team will have access to this. 
Once again, you should expect this to be as close to reality as we can achieve and should 
therefore attempt to react as you would if performing this procedure on a real patient. 
When the simulation is completed 
0 Interview 
" Questionnaires 
" Salivary cortisol test 
" Short debriefing session 
" Feedback 
Confidentiality 
All information about the simulation will be treated confidentially. We will use those 
data only for the purpose of our research. No information about your performance will be 
given to any of your supervisors in your clinical work. 
Consent 
I ............................................... 
do hereby agree to take part in this simulation 
project and have understood all the information about the project given to me. 
Signature 
............................................... 
Date ................................................ 
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7. Illustrative material of the CEA simulation set up 
v 
Figure 1. Simulated Patient (SP) with Figure 2. The SP on the operating table in the 
audio-link which was used to provide Simulated Operating theatre was draped as for real- 
instructions from the control room if life surgery. 
necessary. The synthetic model was 
attached to her neck. The red plastic ball 
which the SP is holding was used to test 
the contra-lateral motor function as during 
real-life CEA. 
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Figure 3. Setting up drapes for the Figure 4. Final set up of the CEA simulation showing 
simulated CEA; showing the SP from the the simulated anaesthetist and the operating table. 
perspective of the simulated anaesthetist. 
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Appendix E: Materials and Tables for the CEA Simulation Study 
1. Demographic data form for the CEA simulation study 
2. Realism rating from for the CEA simulation study 
3. Interview topic guide 
4. Refined thematic structure of surgical coping strategies 
5. Tables of correlations of variables 
6. Results of the univariate linear regression analyses 
7. Regression analyses of salivary cortisol on performance 
controlling confounding effects 
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1. Demographic data form for the CEA simulation study 
Participant 
Number: 
Gender: QfQm 
Age: 
Height. 
Weight: 
Current level of experience in surgery 
Date 
Date of qualification: 
Number of years in surgery 
Current status Q SHO(yrs. )Q SpR (yrs: 
Number of CEAs performed as primary surgeon 
Number of CEAs assisted 
Health 
Are you taking any medication? Q Yes Q No 
If yes, please 
specify: 
Are you suffering from any physical illness? Q Yes Q No 
If yes, please 
Are you suffering form any mental health problems? Q Yes Q No 
If yes, please 
specify: 
specify: 
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)Q Consultant (yrs. - ) 
aoý 
2. Realism rating from for the CEA simulation study 
Please indicate on a scale 
from 0- 10 how realistic 
you perceived the following 
aspects of the simulation. 
Please feel free to add any 
comments. 
Simulated Operating Theatre 4 
Simulated team 0 
Consent procedure SPI 0 
Consent procedure SP2 0 
SP in non-crisis scenario 0 
SP in crisis scenario 0 
Synthetic model 0 
Non-crisis scenario 0 
Crisis scenario 0 
Global realism of the 
simulation 
3. Interview Topic Guide 
not at all totally 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
1 2 3 4 5 6 7 8 9 10 
0 1 2 3 4 5 6 7 8 9 
10 
1. How did you experience this simulation? 
2. What did you perceived as stressful? 
3. How did you cope? 
a. Control of situation? 
b. Control of self? 
c. Preoperative strategies? 
d. Medium or long-term strategies? 
4. How do you normally coping with stress in surgery? 
5. Anything else you do to cope? 
6. Anything else you would like to mention? 
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4. Refined thematic structure of surgical coping strategies 
(revealed in the Simulation Study with verbatim quotations) 
Overview of coping strategies and examples of verbatim quotations of surgeons illustrating 
each of the strategies. The data were collected after the experience of performing a 
simulated carotid endarterectomv. 
y 
Plans and checks to avoid stressors: 
preventive 
coping 
Planning the operation "I'd want to speak to the scrub nurse, I'd want to 
Checking instruments know how my anaesthetist is doing stuff. I'd want to 
Team briefing have had a chat with him beforehand, I'd want to 
know exactly what instruments I had available, I 'd 
want to know who was assisting me and all these 
sorts of things. And I've already set up my agenda 
for what's going to happen i and ii'hen" S 149 
Reducing inevitable stressors: 
anticipatory coping 
Awareness of stress "You need to be consciously in control of what you 
do and your stress at that time ... you need to 
be 
aware of yourself and what your next movements 
are "S 207 
Knowing yourself: performance time "Ifyou do get stressed, it will interfere with your 
and own limitations functioning. Ifyou're stressed, you don't operate as 
well, you don 't think as well, you don 't perform as 
well. " 
Anticipating problems and backup "As a surgeon you should anticipate what thing is 
planning going wrong rather than react. "S 098 
Early recognition "I try and recognise it when I'm getting irritated, and 
I try and back off a little bit "S 149 
Accepting uncontrollable things and "Only think about the things that you can control, 
focus on controllable aspects not think about the things that are outside your 
control. OK, so the things that are in my control are 
the operation, mainly and the technical parts of the 
operation. So if I think about what I can do, 
whatever else is going on is beyond my control, as 
long as I am doing everything I can do and that's 
what I do. ... 
I would only focus on the task that I 
have to do that I can do to make him better and I 
don 't think about that task failing, I don 't think about 
failure, I don 't think about death, I don 't think about 
negative things, I only think about what I can do and 
the positive thins. "S 127 
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continuing table 
Surgical coping strategies Verbatim quotations 
Enhancing personal resources: 
proactive coping 
Mental rehearsing "It's all right as long as you go through the sort of 
motions in your head, you know when you 're 
shunting, putting the shunts correctly in place and 
making sure that you ask for the appropriate 
instruments. " 
Practicing technical skills "Well, I think it's important that when you operate 
Broadening knowledge obviously you need to be familiar with the operation. 
That's why I would not ever dream of doing this 
operation if I 'm not experienced enough or not doing 
it alone anyway. I think you need a lot of practice in 
this operation and if you follow a certain routine that 
you do every time then it should become quite stress 
free because you follow the routine, you know what is 
the next step to do, etc " 
Scrubbing up process to `get into a "I'm sure other surgeons do exactly the same; that's 
different mode' (calmness) actually part of the usefulness, I think, of the 
scrubbing up process. It's a transition phase, 
between "before the operation" and the operation 
itself. I use this time to go into 'operation mode, 
where I remain calm and fully in control. ... 
because 
once I 'm in the operating theatre, I tend to be more 
active than I am in the theatre and I, whenever I'm 
scrubbing when I'm doing that scrubbing process I 
calm down. " S267 
Intra-operative: Control of self when you go into an operation you've got to control 
yourself, you've got to keep calm but you've got to 
make everybody else around, keep them calm 
Stop and stand back technique "I do try to control my breathing" S 269 
facilitating physical relaxation 
"I've played a lot of rugby ... and 
I found that if I 
was tempestuous then I wouldn 't play as well. So I 
learnt early on that I had to find ways of gaining 
control, so you just focus in on something, slow your 
breathing rate down, ease down, concentrate and 
then get on to something else. It's all about control, 
isn't it? " 
Calming down or remaining calm; "Well you don't think clearly if you 're stressed, you 
reducing own stress responses must remain calm it's very important to remain calm. 
... 
I will slow everything down, ... 
don't rush at 
anything, you just slow down and you do everything 
slowly. " 019 
Checks to reassure ones' own "Evaluate each step as it comes along, you evaluate, 
judgement you've got to think on your feet and to think on your 
feet you've got to remain calm. "S 267 
"I keep checking, talking to my assistant, make sure 
that they're happy with what I am doing cos if they 
think that I'm doing something wrong or I've 
forgotten to do something then it'll help me 
remember. Because we're all human, we all make 
mistakes, if I do something that doesn't look right to 
somebody else who 's seen that operation before then 
I'd rather know about it than them keep quiet. "S 127 
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continuing table 
Surgical coping strategies Verbatim quotations 
Intra-operative: Control of self 
Self-talk "1 just have to go: 'Right well relax, calm, slow 
down, have a look, look somewhere, do another bit, 
and then come back to it and be patient, and be 
prepared. '. "S 019 
"Talking to yourself mentally: 'Calm down, it's fine, 
nice, control. '" S 926 
Focussing "Just focusing exactly on what the problem is, not 
letting any intrusion, forget almost that everyone else 
is in theatre so concentrating on the moment. "S 148 
"I think you have to remain focused on what you 're 
doing and that's not ve difficult "S 309 
Distancing techniques "If you 're doing an operation, a laparotomy or 
something and there's lots of adhesions, you get 
frustrated in one area, so you go and do another bit 
somewhere else 'cos it gives you a different focus. "S 
019 
"What I need to do is get the blood flow back from 
point A to point B, regardless of what the welfare of 
the patient is or the consequences, that is my sole 
aim. Then your next step is to continue with the only 
logical step, which is to put the shunt in. And you 
detach yourself from the fact that you are stressed. " 
S209 
Ergonomic adjustments "You move your body position. "S 019 
"You find that all of a sudden, you've nice stitches, 
and then your hand begins to shake when you're 
concentrating on one point. And all you need to find 
is, just rest your hand down, get it in a nice position, 
set it up, 149 
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continuing table 
Intra-operative: Control of the 
situation 
Stop and stand back technique; gain "It's difficult to explain... imagine putting the brakes 
time to think and to act on for a moment or two. ... When the tachycardia 
Re-assessment and decision-making started, I consciously paused 
for a second or two... 
before carrying on to the next step. "S207 process 
Intra-operative prioritising, planning "I think the first and foremost thing when you're in a 
and preparing very stressful situation, particularly if you 're in 
surgery and you've got an artery open or something 
like that, is to make it safe so that you can have a 
breathing space just for a few, for a minute even. So 
that the patient's not bleeding any more, and just 
have a little think, and think 'OK I 'm going to make a 
plan now '. But the first and foremost in your mind 
must be I must make this patient safe, I can 't be 
thinking while he's bleeding. I have to stop the 
bleeding first, make a plan, sort out whatever 
problem it is, just make a coherent plan about what 
you do. And then communicate to everybody what 
you 're going to do and get on with it. S178 
"You have to stop and think about the various 
options you have, one of the options being in that 
situation, I could have called the more senior person, 
the doctor, however I needed to do something 
immediately and a stent was required so the stent 
went in and once the stent was in we had control 
again of the operation, of the situation. "S 207 
Team communication and leadership "I normally just talk to everybody around me, and 
make sure that everybody's aware of what's going 
on. Understand that there 's a problem, what we 're 
going to do to sort it out, if there is one. ... 
I think if 
you go silent and nobody knows what the hell 's 
going on I think that's a disaster, and if you start 
screaming at them that's a disaster too. You just keep 
calm, tell everyone what's going on and make a plan 
in your head and sort it out. "S 178 
"I just told him (the assistant) exactly what I wanted 
him to do before I did it, and it was fine, he did it 
well. "S 178 
Compensating for lack of team support: "I did most of my own assisting and the more I've 
do most things yourself gone through life, the more and more I tend to just do 
by myself ... 
because if you get a bad registrar or 
junior SHO that can't assist it can make things very 
difficult for you so you teach one to do things by 
yourself you teach onesel , yes. 
"S 267 
Systematic methodological proceeding "Meticulously and step wise.... So in your head the 
of technical steps steps that make up the bigger part of the operation, if 
you're in control of those smaller steps and each step 
goes one to the other without a problem I think that 
controls your stress. "S 207 
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continuing table 
Control of overall operative action 
and progress ('dynamics') 
Control of team dynamics during the "when you go into an operation y ou 've got to control 
operation yourself, you've got to keep calm but you've got to 
make everybody else around, keep them calm "S 267 
Monitoring flow of the operation "What I'm doing is I'm looking around the whole 
operation, I 'm thinking about the f ow of the 
operation, ... it should always 
be progressing and the 
worst thing is when an operation stalls on, you're 
obsessing about getting a particular little tiny thing 
right and you 're, you've lost the overall flow and 
progress of the operation. "S 149 
Attention to peripheral activities and And then you can pick up on cues and other people 
focus on the task and what they're doing: 'are there any other issues 
that I should be aware of.. '? "S 019 
"I think it's just down to focus, I think it's down to 
focusing on what you're doing, be aware of your 
surroundings even though you 'refocusing on what 
you 're doing. "S 207 
Overall control and confidence "I think if the environment's calm and in control, as 
the person who's doing the operation that makes it 
fairly straightforward. "S 309 
"The more confident you are, the less stressful. "S 
147 
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5. Tables of correlations of variables 
Table 1. Correlations of predictor variables for the linear regression analysis for the 
non-crisis simulation. 
STAI SSS SA Sc NC EXP PSS 
STAI - 0.63** 0.18 -0.21 -0.13 -0.31 0.25 
SSS - 0.09 -0.12 -0.05 -0.05 0.03 
SA - -0.07 -0.24 -0.13 0.09 
Sc - 0.30 0.19 -0.24 
NC - 0.17 0.004 
EXP - 0.14 
*p <0.05, p <0.01; ** *p <0.001 
Table 2. Correlations of predictor variables for the linear regression analysi s for the 
crisis simulation. 
STAI SSS SA Sc NC EXP PSS 
STAI - 0.81 ** 0.13 -0.10 -0.24 -0.04 0.25 
SSS - 0.09 -0.04 -0.07 0.20 0.16 
SA - -0.07 -0.01 -0.39* -0.09 
Sc - 0.24 0.19 -0.24 
NC - 0.17 0.004 
EXP - 0.14 
*p <0.05; ** p <0.01; ***p <0.001 
Table 3. Correlations of inter-correlating pre dictors with outcome variables during 
the non-crisis simulation. 
HR NN C HRV LFHF EPA OSATS OTA 
HR - -0.88*** 0.44 0.56* -0.11 -0.27 -0.09 
NN - 0.87** -0.45 0.11 0.24 0.10 
C_HRV - 0.22 0.12 0.20 0.18 
LFHF - -0.09 -0.30 -0.23 
EPA - 0.68** 0.55* 
OSATS - 0.80*** 
Correlations of interest are highlighted in bold 
*p <0.05, p <0.01; ***p <0.001; n=18 
Table 4. Correlations of inter-correlating predictors with outcome variables during 
the crisis simulation. 
HR NN C_HRV LFHF EPA OSATS OTA 
HR - -0.74*** 0.47* 0.55* 0.12 -0.29 -0.13 
NN - -0.22 -0.52* 0.03 0.38 0.22 
C_HRV - 0.30 0.31 0.18 0.30 
LFHF - -0.11 -0.32 -0.22 
EPA - 0.67** 0.76*** 
OSATS - 0.83*** 
OTA - 
Correlations of interest are highlighted in bold 
*p <0.05, p <0.01; ***p <0.001; n=18 
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Abbreviations of predictor variables of the linear regression analyses: 
STAI, self assessed stress using the State-Trait-Anxiety-Inventory 
SSS, self assessed stress using the Surgical Stress Scale 
SA, observed stress by the surgical assistant 
SC, salivary cortisol 
HR, heart rate 
C_HRV, coefficient of heart rate variability 
LFHF, measure of heart rate variablity: ratio of low frequency component by high 
frequency component; LF: Low frequency component of the spectral analysis of the R-R 
interval in Hz; HF: high frequency component of the spectral analysis of the R-R interval 
NC, number of reported coping strategies 
EXP, number years in surgery 
Abbreviations of outcome variables of the linear regression analyses: 
EPA, surgical end-product assessment 
OSATS, technical surgical skills assessment 
OTA, non-technical surgical skills assessment 
Correlations of the interaction-variable `Experience-Stress' 
Table 5. Inter-correlations of predictor variables in the crisis simulation. 
HE LS HE HS LE LS LE HS STAI Sc NC PSS 
HE LS - -0.38* -0.25 -0.54** -0.08 -0.04 0.13 -0.14 
HE HS - -1.67 0.35 0.24 0.38 -0.03 0.32 
LE LS - -0.24 0.07 -0.07 -0.36 0.004 
LE HS - -0.16 -0.24 0.11 -0.14 
STAI - -0.10 -0.24 0.33 
Sc - 0.24 0.15 
NC - 0.004 
*p <0.05, p <0.01; ***p <0.001; n=30 
Table 6. Correlations of inter-correlating predictors wi th outcome measures during 
the crisis simulation. 
HE LS HE HS LE LS LE HS EPA OSATS OTA 
HE LS - -0.38* -0.25 -0.54** 0.54** 0.77*** 0.69*** 
HE HS - -1.67 0.35 0.09 0.04 -0.07 
LE LS - -0.24 -0.03 -0.42* -0.33 
LE_HS - -0.43* -0.55** -0.44* 
EPA - 0.63*** 0.62*** 
OSATS - 0.86*** 
Correlations of interest are highlighted in bold 
*p <0.05, p <0.01; ***p <0.001; n=30 
Abbreviations of predictor variables: 
HE_LS, High experience and low stress 
HE_HS, High experience and high stress 
LE_HS, Low experience and high stress 
LE_LS, Low experience and low stress 
STAI, self assessed stress 
SC, salivary cortisol 
NC, number of reported coping strategies 
EXP, number years in surgery 
PSS, Perceived Stress Scale indicating general stress level 
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Correlations of predictor variables in the subset of 20 participants 
Table 7. Inter-correlations of predictor variables in the non-crisis simulation 
investigating the influence of salivary cortisol on performance using a subset of the 
data (n=20). 
SC BMI PSS EXP 
SC - -0.17 -0.39 0.08 
BM I-0.10 0.24 
PSS - 0.35 
*p <0.05, p <0.01; ***p <0.001; n=20 
Table 8. Inter-correlations of predictor variables in the crisis simulation investigating 
the influence of salivary cortisol on performance using a subset of the data (n=20). 
SC BMI PSS EXP 
SC - -0.04 0.18 0.12 
BM I-0.10 0.24 
PSS - 0.35 
*p <0.05, p <0.01; ***p <0.001; n=20 
Abbreviations of predictor variables: 
SC, salivary cortisol 
BMI, body mass index 
PSS, Perceived Stress Scale indicating general stress 
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6. Univariate linear regression analyses 
Table 9. Univariate analyses of stress measures, coping, experience and general 
stress levels on performance during the non-crisis simulation 
Variable 
EPA 
Coefficients 
(95% CI) 
P 
OSATS 
ß Coefficients 
(95% CI) 
P 
OTAS 
ß Coefficients 
(95% CI) 
p 
STAI -. 0399 . 
03* -0.317 . 
09 -0.241 . 
20 
(-0.904 - -0.052) (-1.346 - 0.099) (-2.614 - 0.574) 
SA . 
009 
. 
96 -0.249 . 
19 -0.120 . 
53 
(-0.973 - 1.022) (-2.637 - 0.534) (-4.594 - 2.412) 
SC -0.036 . 
85 0.223 
. 
24 0.300 
. 11 (-0.277 - 0.230) (-0.166 - 0.656) (-0.161 - 1.552) 
NC 0.398 . 
03* 0.210 
. 
27 0.230 0.22 
(0.036 - 0.632) (-0.232 - 0.810) (-0.436 - 1.798) 
EXP 0.674 <. 001 0.848 <. 001 0.749 <. 001 
(5.782 - 14.296) *** (15.700-25.731) *** (25.967 -52.967) *** 
PSS 0.171 . 
37 -0.013 . 
95 -0.093 . 
63 
(-0.138 - 0.364) (-0.432 - 0.404) (-1.113 - 0.682) 
*p <0.05, p <0.01; ***p <0.001; n=30 
Table 10. Univariate analyses of stress measures, coping, experience and general 
stress levels on performance during the crisis simulation 
Variable 
EPA 
ß Coefficients 
(95% Cl) 
P 
OSATS 
Coefficients 
(95% CI) 
P 
OTAS 
Coefficients 
(95% CI) 
p 
STAI -0.043 . 
82 -0.179 . 
34 -0.313 . 
09 
(-0.555 - 0.455) (-1.375 - 0.495) (-2.961 - 0.236) 
SC 0.252 
. 
18 0.053 
. 
78 -0.018 . 
93 
(-0.185 - 0.943) (-0-955 - 1.255) (-2.049 - 1.872) 
NC 0.293 . 
12 0.295 
. 
12 0.386 . 
04* 
(-0.066 - 0.569) (-0.135 - 1.073) (0.084 - 2.146) 
HE_LS 0.537 
. 
002 0.768 <. 001 0.693 <. 001 
(2.079 - 8.543) ** (9.775 to 19.098) *** (13.795 - 32.377) *** 
HE_HS 0.087 . 
64 0.040 0.83 -0.068 . 72 
(-3.555 - 5.638) (-7.842 - 9.676) (-18.21 - 12.781) 
LE_LS -0.303 . 10 -0.421 . 
02* -0.331 . 
07 
(-10.678- 1.049) (-23.307 - -2.101) (-37.246 - 1.836) 
LE_HS -0.430 . 
02* -0.552 . 
002 -0.441 . 
02* 
(-7.885 - 0.815) (-16.804 - -4.396) ** (-26.830 - -3.170) 
PSS 0.262 
. 
29 0.082 . 
67 -0.013 . 
95 
(-0.173 - 0.535) (-0.598 - 0.388) (-0.98- 0.847) 
*p <0.05, p <0.01; ***p <0.001; n=30 
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7. Regression analyses checking confounding effects 
Regression analyses adjusted for general stress levels (PSS): 
Table 11. Multivariate analysis of stress measures and coping on performance during 
the non-crisis simulation, adjusted for general stress levels (PSS) 
Variable 
EPA 
ß Coefficients 
(95% CI) 
P 
OSATS 
Coefficients 
(95% CI) 
OTAS 
Pß Coefficients p 
(95% CI) 
STAI -0.236 . 
11 - --- 
(-0.632 - 0.067) 
NC 0.278 . 
04* - --- 
(0.009 - 0.458) 
EXP' 0.535 . 
001 0.866 <. 001 0.776 <. 001 
(3.700- 12.228) ** (16.141-26.158) *** (27.610 - 54.162) *** 
PSS 0.155 . 
26 -0.131 . 
20 -0.198 . 12 (-0.082 - 0.285) (-0.362 - 0.080) (-1.048 - 0.125) 
*p <0.05, p <0.01; ***p <0.001; n=30 
Table 12. Multivariate analysis of stress measures and coping on performance during 
the crisis simulation, adjusted for general stress levels (PSS) 
EPA OSATS OTAS 
Variable ß Coefficients Pß Coefficients P Coefficients p 
(95% CI) (95% CI) (95% CI) 
NC ----0.300 . 
03 
(0.101 - 1.630) 
HE_LS 0.569 . 
001 0.709 <. 001 0.665 <. 001 
(2.431 - 8.822) ** (8.607 - 18.038) *** (13.225 - 31.034) *** 
LE_LS -- -0.241 . 
06 -- 
(-14.783 - 0.228) 
PSS 0.237 . 14 
0.014 
. 
90 0.075 . 57 
(-0.058 - 0.377) (-0.292 - 0.329) (-0.431 - 0.77) 
*p <0.05, p <0.01; ***p <0.001; n=30 
1\ ears of experience in surgery were log 10 transformed 
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Regression analysis of salivary cortisol on performance controlling 
confounding effects: 
Analyses for the non-crisis simulation 
Table 13. Univariate analysis of salivary cortisol (SC), body mass index (BMI). and 
general stress levels (PSS) on surgical performance during the non-crisis simulation 
Variable 
EPA 
ß Coefficients 
(95% CI) 
P 
OSATS 
ß Coefficients 
(95% CI) 
P 
OTAS 
ß Coefficients 
(95% CI) 
p 
SC 0.185 . 
43 0.285 
. 
22 
. 
347 
. 
13 
(-0.259 - 0.578) (-0.280 - 1.125) (-. 326 - 2.25) 
BMI -0.299 . 
20 -0.038 . 
87 0.144 
. 
55 
(-0.863 - 0.193) (-0.878 - 1.025) (-1.249 - 2.285) 
PSS 0.207 . 
44 0.087 
. 
75 -0.012 . 
97 
(-0.191 - 0.414) (-0.467 - 0.635) (-1.068 - 1.026) 
EXP . 
640 
. 002 0.838 <. 001 0.753 <. 001 
(3.871 - 15.217) ** (14.579 - 28.426) *** (20.557- 
51.887) 
*p <0.05, **p <0.01; ***p <0.001; n=20 
Table 14. Multivariate analysis of salivary cortisol (SC), body mass index (BMI), 
and general stress level (PSS) on surgical performance during the non-crisis 
simulation 
Variable 
EPA 
ß Coefficients 
(95% Cl) 
P 
OSATS 
ß Coefficients 
(95% CI) 
P 
OTAS 
ß Coefficients p 
(95% Cl) 
SC 0.452 . 12 0.505 . 10 0.549 . 
06 
(-0.132 - 0.967) (-0.174 - 1.864) (-0.085 - 3.524) 
BM I -0.185 . 
48 0.275 . 31 0.396 . 13 
(-0.769 - 0.381) (-0.541 - 1.573) (-0.480 - 3.297) 
PSS 0.406 . 16 
0.262 
. 
36 0.169 
. 
53 
(0.095- 0.532) (-0.323 - 0.829) (-0.721 - 1.337) 
*p <0.05, * *p <0.01; ** *p <0.001; n=20 
Table 15. Multivariate analysis of salivary cortisol (SC), body mass index (BMI), 
and general stress levels (PSS) on surgical performance during the non-crisis 
simulation, adjusted for surgical experience (EXP) 
Variable 
EPA 
ß Coefficients 
(95% Cl) 
P 
OSATS 
ß Coefficients 
(95% CI) 
P 
OTAS 
ß Coefficients 
(95% Cl) 
p 
SC 0.212 
. 
38 0.177 . 
25 0.292 . 
18 
(-0.269 - 0.660) (-0.242 - 0.829) (-0.473 - 2.301) 
BMI -0.460 . 06 -0.128 . 39 
0.081 . 69 
(-1.013 - 0.006) (-0.827 - 0.348) (-1.234 - 1.808) 
PSS 0.097 
. 
69 -0.159 . 
31 -0.162 . 
45 
(-0.225 - 0.329) (-0.473 - 0.166) (-1.122 - 0.531) 
EXP 0.695 . 
01* 0.948 <. 001 0.743 . 
004 
(2.478 - 17.190) (15.555 - 32.519) *** (13.711 - 57.633) ** 
*p <0.05, ** p <0.01; ***p <0.001; n=20 
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Analyses for the crisis simulation 
Table 16. Univariate analysis of salivary cortisol (C), body mass index, and general 
stress levels (PSS) on surgical performance during the crisis simulation 
Variable 
EPA 
ß Coefficients 
(95% CI) 
P 
OSATS 
ß Coefficients 
(95% Cl) 
P 
OTAS 
1 Coefficients 
(95% Cl) 
p 
SC 0.342 . 
14 0.59 
. 
81 -0.087 . 72 (-0.199 -1.304) (-1.263 - 1.603) (-4.235 - 2.967) 
BM I -0.374 . 
10 0.174 
. 
46 -0.047 . 
84 
(-1.003 - 0.103) (-0.677 - 1.430) (-2.947 - 2.435) 
PSS 0.210 . 
44 -0.035 . 
90 0.145 
. 
59 
(-0.208 - 0.457) (-0.628 - 0.555) (-1.064 - 1.794) 
EXP 0.570 . 
009 0.766 <. 001 . 
667 <. 001 
(2.620 - 15.69) ** (12.876-31.238) *** (21.580 - 75.154) ** 
*p <0.05, p <0.01; ***p <0.001; n=20 
Table 16. Multivariate analysis of salivary cortisol (SC), body mass index (BMI), 
and general stress levels (PSS) on surgical performance during the crisis simulation 
EPA 
Variable ß Coefficients 
(95% Cl) 
OSATS 
P Coefficients 
(95% Cl) 
OTAS 
Pß Coefficients p 
(95% Cl) 
SC 0.332 
. 
22 0.057 
. 
85 -. 197 . 52 (-0.328 - 1,486) (-1.673 - 2003) (-5.982 - 3.194) 
BMI -0.298 . 
27 0.331 
. 
27 0.011 
. 
97 
(-0.986 - 0.297) (-0.596 - 1.928) (-3.096 - 3.205) 
PSS 0.180 
. 
48 -0.078 . 
79 0.622 
. 55 (-0.215 - 0.429) (-0.714 - 0.553) (-1.129 - 2.033) 
*p <0.05, p <0.01; ***p <0.001; n=20 
Table 17. Multivariate analysis of salivary cortisol (SC), body mass index (BMI), 
and general stress levels (PSS) on surgical performance during the crisis simulation, 
adjusted for surgical experience (EXP) 
Variable 
EPA 
Coefficients 
(95% CI) 
P 
OSATS 
Coefficients 
(95% CI) 
P 
OTAS 
Coefficients 
(95% CI) 
p 
SC 0.217 
. 
41 -0.091 . 
65 -0.342 . 
14 
(-0.316 - 0.718) (-1.523 - 0.994) (-5.769 - 0.943) 
BMI -0.251 . 30 -0.019 . 93 -0.329 . 18 (-1.446 - -0.498) (-0.970 - 0.895) (-4.102 - 0.083 
PSS 0.101 
. 70 -0.315 . 
14 -0.052 . 
81 
(-0.265 - 0.261) (-0.772 - 0.121) (-1.321 - 1.061) 
EXP 0.601 
. 
02* 0.857 . 
002** 0.833 . 
004** 
(1.967 - 17.796) (10.490 - 36.02) (21.118 - 89.197) 
*p <0.05, p <0.01; ***p <0.001; n=20 
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APPENDIX F: MATERIALS OF THE INTERVENTION STUDY 
1. Introduction to surgical stress management 
2. Booklet on surgical stress management 
3. Relaxation training and surgical mental rehearsal 
4. Guidance for preparing the next (simulated) CEA 
5. Actor training for simulated anaesthetist and simulated patient 
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1. Introduction to Surgical Stress Management Training 
"The trick is in surgery that if you do things, planning not to lead yourself into 
any trouble. Not planning how to get yourself out of trouble. It's all planning not 
to get yourself into trouble. " (senior consultant surgeon) 
The surgical stress management training aims to enable you to achieve the ideal 
personal preparation for operations. It considers all aspects of an operative 
situation. It goes beyond technical skills and team communication and focuses on 
surgical stress management. 
The surgical stress management training will 
1) provide information on surgical stress management strategies 
2) facilitate practice and application of these strategies by providing suitable 
training techniques 
The training consists of the following modules: 
A) Experience of a simulated operation (CEA) with crisis scenario 
B) Information on surgical stress management strategies (booklet) 
C) A training techniques supporting the application of these strategies 
D) The opportunity to apply the strategies in a simulated operation (CEA) 
Module A 
You have performed the CEA crisis simulation in the Simulated Operating theatre. 
Module B 
Now please read the information booklet on surgical stress management 
strategies. 
Module C 
Step 1: Training on mental rehearsal will be provided. The benefits of this 
technique are twofold: Firstly, this technique enables you to reflect on your own 
responses in stressful surgical situations and your own practice. Secondly, mental 
rehearsal can be used a `cognitive simulation' of an operation in order to prepare 
for operations. 
Step 2: You will be provided with instructions for selecting stress management 
strategies and planning the next simulated operation. 
Step 3: Mentally rehearsal practice of your own plan for the operation. In 
addition, training of relaxation techniques is provided. Both mental rehearsal and 
relaxation exercises are provided as written instruction and as audio-version on a 
CD. 
Module D 
Another CEA simulation will be arranged. This provides an opportunity to perform 
a CEA using your personal plan for this operation. 
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2. Booklet on surgical stress management 
Information booklet 
Surgical stress management strategies 
Cordula Wetzel 
Cordula Wetzel, Dipl-Psych 
Research Associate 
Department of Biosurgery and Surgical Technology 
Imperial College London 
St Mary's Hospital, QEQM 
London 
W2 1NY 
+44 (0)20 7886 1786 
c. wetzel@imperial. ac. uk 
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INTRODUCTION 
The stress and crisis management strategies described here were developed following two 
interview studies with surgeons at all levels of experience and from different specialties at Imperial 
College London'. Here we report strategies they use to manage stress in the operating theatre to 
maintain an appropriate level of performance during highly pressured situations such as intra- 
operative crises. Some of their personal statements are included in this booklet as examples. 
We appreciate that coping with stress includes an individual component, and not all strategies are 
useful for everyone. The aim of this booklet is to provide a range of strategies to choose from that 
are likely to contribute to optimising your surgical performance. 
The framework for managing stress includes: i) pre-operative strategies that minimise sources of 
stress, and ii) intra-operative strategies to manage inevitable stress during surgery. It provides a 
comprehensive picture of strategies that go beyond technical skills and team communication. 
These include: planning for complex cases, implementing strategies for mental preparedness and 
intra-operative decision-making, advanced leadership skills, and control of stress levels and 
alertness. 
PRE-OPERATIVE SURGICAL STRESS MANAGEMENT STRATEGIES 
Stress can impair surgical performance. To help reduce stress, preparation and familiarity with the 
operation are essential. The risk of being stressed can be reduced pre-operatively by building up 
individual resources. These strategies are specific for coping with the demands of surgical practice. 
1. Avoiding external stress factors: information seeking, planning and preparing 
Meticulous preparation keeps stress levels to a minimum. In surgical practice, knowledge of the 
operation is the starting point for any preparation process. This includes detailed knowledge of the 
technical aspects of the operation, the patient, the required equipment, the operating theatre and 
the hospital, the available operating team, knowledge of one's own skills and limitations as primary 
surgeon, and one's own responses to stressful events during surgery. 
Knowing the operation and the patient 
Detailed knowledge of the operative steps, techniques, and potential risks is required. All stages of 
the operation need to be carefully planned, including backup plans for possible complications. The 
patient's notes need to be checked for details of any personal information you may be unaware of. 
The consent procedure is an additional opportunity to answer questions and double-check 
important factors. 
Knowing the equipment, facilities and the team 
Although the instruments are usually set up by the nursing team, experienced surgeons report that 
they also check the availability and functioning of the necessary equipment. Additionally, the 
surgeon should be familiar with the theatre and hospital environment. Surgeons reported that, for 
example, working in a hospital for the first time with a new team is an additional risk factor. They 
would try to avoid complex cases under those circumstances. Due to the current organisational 
structure, theatre teams change, so it is crucial to clarify roles and to build up a rapport before 
starting the case. Knowing the experience level of the team members provides information on the 
level of support that you can expect. In some cases, surgeons reported checking the availability of 
a sufficiently experienced nurse for more advanced operations. 
l make sure in advance that Ill have a good assistant. I cant control the anaesthetist but / can slightly 
control how much they check. And If I'm doing a complex procedure, / actually tell the nurses that i do 
-'! 1F e I? rl%SE R-, 0h/ce' RtresS 113 C3-, 1'' no 
..; ýcýriiý "r rr, rýclý! :,, ±ý, not lti'al? t to f), VE o tr3 
Additionally, when double-checking the equipment before they start a case, they give instructions 
on how to handle particular instruments, e. g. how to hand the surgeon a shunt during a carotid 
endarterecomy if it is needed. 
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Knowing yourself 
One of the challenges is to be aware of your own operative skills and the time that it takes you to 
perform a task. It is essential to know your own limitations, and when to call for the help of an 
experienced surgeon. Additionally, it is helpful to know your own response when pressurised for 
time, and during unexpected, stressful events. This awareness is essential to be able to control 
your own response to stress rather than be confronted with it as a potential secondary stressor. 
Counteractive strategies can be learned to help ensure optimal performance (see below under 
`self-control strategies'). 
To keep stress levels to a minimum and to start a case under optimal conditions, surgeons have 
reported that they avoid activities that are likely to cause them stress on the day of the operation. 
Your hi fest duty that dy1,, '5 to do a six-hour operation. The last thing you n, Vaot is yýoUI antgecn to 
arrive stressed, worked up. and in a had mood... you know. you don't want that. " (senior consultant) 
To do this they have described the following examples: they delegate stressful tasks, avoid dealing 
with difficult people and instead of doing nothing during delays they bridge that time with reading. 
One senior consultant summarised this pre-operative strategy of actively shutting out external 
stressors with the term `cocooning'. 
2. Building up individual resources 
Knowledge, skills, and optimum physical and mental condition 
Surgeons continuously work on their knowledge and skills, analyse and reflect on previous cases 
to optimise future operations. For optimum physical and mental condition they pursue leisure 
activities, such as sports, that help them cope with the demands of surgical practice and improves 
their surgical performance. Prior to a case, surgeons make sure they receive sufficient sleep, food 
and do not consume alcohol. 
Mental preparedness 
Mental rehearsal 
Mental preparedness can be achieved by rehearsing the operation in your mind by imagining 
yourself performing each step. For a complete mental rehearsal pre-operative activities need to be 
included, as is practised by other professionals such as athletes and musicians. This visualisation 
should cover all aspects of the operation, including possible crisis situations and how you would 
manage them. 
Scrubbing-up process 
Surgeons described the scrubbing up process as a barrier between the pre- and intra-operative 
phases. They use it ritually for mental preparation. They actively calm themselves down, slow 
down their movements and `get into operation mode' - consciously focussing, thinking and acting. 
"]l; iillOy pa C of i%7 E, ' L/ ofLlý/i! ý. ' >5, thlO0t, of il`i 5c/iibbii)] Uq) / tOC; £'SS. 
between "before the operation's and the operation itself. / use this time to go into 'operation mode, where 
/ remain calm and fully in control. " (senior consultant) 
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INTRA-OPERATIVE STRESS MANAGEMENT 
During the operative phase, inevitable stressors can affect the surgeons' performance. To deal 
with these high risk situations, experienced surgeons reported applying specific strategies to 
ensure optimal performance in theatre. 
1. General mindset 
Awareness of stress and acknowledging stress responses 
In particular, experienced surgeons showed high awareness of stress factors before and during 
surgery. They acknowledged stress as part of surgical practice and that every surgeon 
experiences highly stressful situations in theatre. They reported that when stress is poorly 
managed, impacted negatively on their judgement, decision-making, technical skills and team 
communication. 
If you do get stressed, it will interfere with your functioning. If you're stressed, you don t operate as well, 
you don't think as well, you don't perform as well. " (senior consultant) 
"Well, it [stress] is unhelpful when it clouds your judgement. Sometimes it gets to a point when you feel 
you can't make a decision and you feel, you can't think objectively. And stress combined with tiredness 
which often go hand in hand. Cori rant rnal<e a decici in no simple. simple thinas ' ('cnnýriltýntl 
Learning from their own experiences, they developed strategies to prevent or reduce these effects, 
and stress management was acknowledged as an important element of surgical competence. 
Acceptance and pro-active leadership 
There are stressful circumstances that cannot be changed. For example, patients can be obese, 
and team members can be inexperienced Understanding that one is the leader of the team, and 
that one should control the operation with confidence is crucial. 
2. Control of self 
Stop-and-stand-back-technique 
Controlling one's own stress levels is essential for successful crisis management. Experienced 
surgeons reported this as the first consideration before moving on to decisions and technical steps. 
The surgeon is responsible for the success of an operation and an optimal mental and physical 
state is vital. In particular, during crisis situations, peak mental capacity is of utmost importance. To 
achieve this surgeons apply the `stop-and-stand-back-technique': they cease all operative activities 
and assess the situation carefully before making a rational response. For example, if unexpected 
bleeding occurs they would control it temporarily with manual pressure whilst they considered their 
options. 
I di probably it'gait foi. as too lo/notes just to let my heart tcate geiern to riotmai and .. get ornt '1d 
11o1/l), 
anxiety associated with it, and I would use that time to get properly equipped. ... 
Good surgeons ... 
they 
don't panic in that situation, you know, bad surgeons panic and start sticking into the wound to try and 
control the vein without really being able to see very well whereas a good surgeon will actually stand 
back and probably what he is doing while he is standing back, putting pressure on it, is actually not just 
getting the right things to do the job properly but is also probably to reduce stress in himself. " 
(senior consultant) 
Even during time-critical situations, for example when the patient shows symptoms of a stroke 
during carotid endarterectomy, more experienced surgeons reported that they still apply this 
principle. 
It s difficult to explarn... inragioe putting the brakes on for a moment or tývo. ... 
w`nefn the tachycalola 
started. I consciously paused for a second or two... before carrying on to the next step. " (senior registrar) 
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Reducing one's own stress levels 
Controlling feelings of stress, pressure and anxieties is extremely hard as it is an almost automatic 
'fight or flight response' of the human system. However, with the help of physical, behavioural and 
cognitive strategies, stress can be controlled. Surgeons reported the following approaches: 
Physical and behavioural strategies 
Taking deep breaths, stretching a bit or waiting until their heart rate reduces, consciously slowing 
down their movements. Experienced consultants have trained themselves in relaxation techniques 
using imaginary, breathing and muscular relaxation to overcome the detrimental effects of mental 
and physical tiredness and to sustain their levels of alertness and dexterity during highly pressured 
situations. 
One has to very actively remain calm. ... 
Do everything s/ovýly, breathe siov-vly. make you! movements 
slowly. Make no hasty decisions. And if you do everything like that, at the point when you're really 
flustered, you will calm down, I promise you. And how do I know? Because I've bloody well tried all 
these things. " (senior consultant) 
"I've played a lot of rugby ... and 
I found that if I was tempestuous then I wouldn't play as well. So I 
learnt early on that I had to find ways of gaining control, so you just focus in on something, slow your 
breathing rate down, ease down, concentrate and then get on to something else. It's all about control, 
isn't it? " (consiiit"111t) 
Cognitive approaches 
Cognitive stress management strategies involve the creation of thoughts, ideas and images that 
help one to effectively re-evaluate a situation in order to reduce anxiety, improve confidence and 
thereby maximise performance. 
Self-talk 
Surgeons use a positive inner dialog to encourage themselves and improve their confidence; they 
focus on positive thoughts to reduce their anxieties and to calm down. Moreover, they apply self- 
instruction to improve their focus and avoid distractions. They talk themselves logically through 
reassessment and the decision-making process. 
iiove tC keep thinking to ! Myself. / need Lo stay calm, / coil aca, c: itlt tl/is Ci hi, ý; ')/ r>> 1_Iut 
can deal with it... let's think logically: What is the next step that I need to do to regain control in this 
situation? "' (consultant) 
Mental distancing techniques 
Surgeons reported that they detach themselves emotionally by mental distancing. For example, 
they focus on the task in hand - they think of a positive outcome, and blank out negative thoughts 
that interfere with resolving the acute problem. 
I need to do is get the blood flow back from point A to point B. regardless of what the °-elfaie of 
the patient is or the consequences, that is my sole aim. Then your next step is to continue with the only 
logical step, which is to put the shunt in. And you detach yourself from the fact that you are 
stressed "(senior registrar) 
Third person strategy 
"Try to be a little bit `third person': `What would be a sensible person's recommendation to make 
this operation better for me? "' (consultant) 
Rationalising 
Surgeons also reported that they rationalise stressful situations . 
For example, if the patient shows 
the symptoms of a stroke during carotid endarterectomy and these symptoms recur in the final 
stage after shunt removal and closure of the artery, surgeons consciously remind themselves that 
this was to be expected, and under the given circumstances is a `normal' event. 
Ergonomic adjustments 
Ergonomic adjustments improve comfort and make the operative activities more effective. This 
includes the set up of the operative field, lights, table height and angle and body position. 
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,, You find that all of a sudden, you've nice stitches, and then your hand begins to shake when you're 
concentrating on one point. And all you need to find is, just rest your hand down, get it in a nice position, 
set it up, ... 
keeping everything calm, and then going in with the next stitch. And generally then that 
settles down. " (consultant) 
3. Control of situation 
Once they have controlled their own stress levels, surgeons again use the 'stop-and-stand-back' 
technique to assess the situation, develop a plan to resolve the crisis, and then lead the team in 
carrying out the action plan. 
r"vu ('11(J cWitnnuing a long /we cl activity. tlcak1i1g. cic , "er 
getting you nowhere. And / think for me that's always been a signal to stop for a minute, if you are not 
getting anywhere. ... 
You can't see progress, you can't see where you are going, its like / lost its 
purpose or its direction. And then ! force myself to stop. / stop for a minute, reassess, think again, and 
then with luck, it will come clear. ... 
You need to be able to look outside your immediate little box. 
(senior consultant) 
Surgeons described that they start with `thinking from scratch', get all relevant information from the 
team and assess the operative situation. Then, they consider all options for resolving the problem, 
and consider potential problems and risks. Surgeons reported prioritising, then they make an 
action plan including a backup plan for any anticipated complications. 
Before moving on to the technical tasks, they communicate their plan with the team and prepare all 
necessary equipment, and if required, get additional staff. Only when everything is prepared do 
they move on to performing the technical steps. Surgeons emphasised the importance of 
proceeding systematically and avoiding any shortcuts. 
As leader of the team, surgeons give instructions or teach inexperienced staff. However, during 
time critical operative phases, this may not be appropriate and experienced surgeons compensate 
for suboptimal team support by doing most of the assisting themselves. 
One of the most difficult judgements is when to call for help and this is not only relevant to junior 
surgeons. Consultants mentioned that when extremely tired and faced with a difficult situation, they 
had asked for a second opinion from a colleague, or asked for a specialist. 
4. Control of intra-operative dynamics: operating theatre atmosphere and 
attention 
Experienced consultants reported controlling the overall flow of the operation including the 
alertness and stress levels of the team. They ensure that there was always progress regarding the 
main stages of a complex case. They avoided wasting time and energy on minor tasks during 
complex cases. 
i7üie ogerL "Ic'o. / nt 
operation, ... 
it should always be progressing and the worst thing is when an operation stalls on, youre 
obsessing about getting a particular little tiny thing right and you're, you've lost the overall flow and 
progress of the operation. ... 
For example, if there's a bit of bleeding from somewhere you can carry on 
putting in lots and lots of little stitches trying to stop the bleeding, but often it'll be better just to say 'right, 
just put a swab on there', or leave it, move on to another bit of the operation and come back to that later 
on. And that's a classic example of how it works. Whereas I've worked for surgeons before in the past 
who will see a bit of bleeding and they'll just obsess about it and try and put in lots of stitches and try 
dabbing and a little bit of diathermy and they're just trying to sort out a little bit of bleeding and before 
you know what's happening, half an hour, 45 minutes have gone by and the operation hasn't really 
progressed. " (consultant) 
Surgeons control the atmosphere among the team to reflect the phases of surgery. They alternate 
between relaxed and alert times by allowing a light-hearted atmosphere during non-critical times, 
and control attention and focus during critical periods - for themselves and for the team. 
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,, you learn to pay attention, you also learn the points when you can rest your eyes, brain. hands 
whatever ... you 
learn to relax and also learn to anticipate ... 
So when we put the clamps on, that would 
be a time when 1, you mentally prepare yourself, you get everything, you're ready, the anaesthetist is 
ready, 'right off we go'. " (consultant) 
The general aim is to keep the team stress levels in control as only then the team will function well 
and be able to support the operation. Surgeons reported to not show their own stress responses 
but to display control and confidence and to keep a calm atmosphere. 
"You as a surgeon should be in control and controlling. I always saw getting cross as a loss of 
control. "(senior consultant) 
r) i! '(? f]1 -J//,, Y 
All of them have a vital role to play in that persons care but as far as the actual operation is concerned 
the person doing the operation, the senior person there is in charge. And if you lose your cool over a 
situation if... if things start bleeding and you don't know how to stop it, / feel / always have to give the air 
that On completely in control: we will get this right, we will do things coldly and calmly and calculatedly, 
and maintain that cool because if you start to panic, rush around, shouting at everybody then everybody 
gets upset and nobody does anything properly and the whole thing gets quite stressed. ("senior 
consultant) 
They focus on the task and at same time are conscious of peripheral activities. Experienced 
surgeons are aware of the strong influence they have as the team leader, and they use it 
consciously to optimise the operative performance of themselves and the team. 
5. Pitfalls during surgical stress management 
Intra-operative crises are often highly time-pressured and efficiency is crucial. However, one of the 
most common pitfalls is that the automatic response of the adrenaline rush and urgency can lead 
to acting or deciding too quickly during a high risk situation. Hence, to stop and stand back, to 
deliberately slow down and avoid haste are essential to resolve a crisis situation successfully. 
When a lot of mental capacity is required, a main strategy is to filter out unnecessary distractions. 
This is an important skill, but can easily lead to an over-focus on the task that is detrimental to an 
appropriate assessment and decision-making process. Moreover, it leads to minimising the 
exchange of information with the team, and a loss of the overall operative situation. 
if I , uii shcssedi, I (. )m pIObQl: )1y, prUtly i>>L_JCf7 just iI)tellwh ]u 
interaction with anyone else is completely minimal... / become very quiet. " (Junior surgical trainee) 
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OVERVIEW: SURGICAL STRESS MANAGEMENT STRATEGIES 
Avoiding external stressors: 
Information seeking, planning and preparing 
" Knowing the operation 
6 " Knowing the patient 
" Knowing equipment and facilities 
-41 " 
Knowing the team 
1 Z " Knowing yourself 
1D 
-a 
Building up individual resources 
" Broadening knowledge and skills 
" Practising surgical skills 
" Mental rehearsal of the operation 
" Ensuring an appropriate physical condition 
" Mental preparedness 
General mindset and awareness 
" Awareness of stress before and during surgery 
" Early recognition of potentially stressful situations 
" Acknowledging stress as performance relevant factor 
" Acceptance of uncontrollable problems 
" Confidence 
Control of self 
" 'Stop and stand back ' techni ue 
" Reducing own stress level 
o Physical relaxation 
0 o Behavioural strategies (e. g. slowing down) 
o Cognitive strategies 
(e. g. self-talk, mental distancing) 
o Ergonomic adjustments 
Control of situation 
= " `Stop and stand back' technique 
CO " Reassessment of the situation 
" Decision making 
" Intra-operative preparations 
" Leadership 
" Systematic technical approach 
" Compensating for lack of team support 
" Calling for senior or specialist help 
Control of dynamics 
" Controlling staff stress levels 
" Proactive control of alertness 
" Monitoring the flow of the operation 
" Focus on the task and attention to peripheral activities 
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An anecdote on crisis management 
"There are times when you are not at your best. And it's a pity really that it's, it's not allowed for you in 
medical practice.... in surgical practice, you just have to cope... I often felt that if things were really 
going, you now, very difficult and you don't quite know what to do next, I have from time to time said 
'Let's have a pause. Let's put the packs in, ... 
let's go and have a cup tea. '.... The one case that sticks 
in mind ... where 
the vena cava was on the wrong side of the body.... Because I hadn't recognised that 
the anatomy was abnormal I ran and made a hole in the vena cava... quite by accident, just because it 
was in the wrong place. I didn't know it was there. The vena cava is an awful thing when it bleeds ... 
and I had no idea what I have done ... so remembering my coping strategy 
in this situation, ... put a 
big 
pack in, I left one of the junior staff to put pressure on the pack. The anaesthesist [said]... `under control, 
don't worry, keep packing it, everything is fine'. Then / took the rest of the team off, including the theatre 
sister, and we sat and had a cup of tea.... 1 came back and by that time my brain said: `don't be so 
stupid, but the vena cava must be on the wrong side... and it was then easy to, to know what to do.... 
Sometimes you need a little pause, not necessarily a pause to go and have a cup of tea, but a pause 
that can reassess the situation. " (senior consultant) 
A surgeons' comment on complications, denial and calling for help 
"If something happens that you, you know, you didn't want to happen, and you hate to think that it is 
happening. I don't know if anybody has mentioned this to you before. People are quite good at denying, 
not allowing themselves to recognise that something has gone wrong in an operating situation. ... It 
is 
bad... I can remember one occasion when somebody in the next door theatre to me did something 
absolutely terrible to one of my patients, and he was a trainee, quite a senior trainee, did something 
dreadful to a patient, and I was then called in to try and come to sort things out. And my first feeling 
which astonished me was to say `this can't be happening', a denial, it can't be true, couldn't be 
happening, `how can this be happening to one of my patients? How dreadful this is! ' So in a sense you 
first, your first thoughts at the same moment are `It can't be true, no, no. ' And then of course, if you are 
a proper person you quickly realise that it is true and you have to do something about it and you ... get 
yourself organised and take the steps to try and sort things right. But as a junior doctor I think that sense 
of `surely this is not happening to me', denying that it can be happening to you, got into deep water, 
maybe more difficult. The acceptance of the fact that it's, it's too difficult, outside your skills... it's very 
scary! ... 
When you recognise, that this is the reality then the most important thing is to know that you 
are not going to be castigated, not going to be criticised for calling for help. I think we have a lot to 
answer for as more senior people, you know, we shouldn't make our junior staff feel incompetent if they 
need help. " (senior consultant) 
We hope that the content of this booklet provides material for surgeons to reflect on, and raises 
awareness of aspects of surgical practice that are often neglected due to the high demands on 
surgeons, in particular during their training. 
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3. Relaxation training and surgical mental rehearsal 
Introduction 
Peak performance can be achieved in an optimal combination of relaxation and 
alertness. However, high demands and stress during high performance situations 
can lead to a state where the optimum level of alertness is exceeded. Over- 
arousal, a high level of physical activity, can impair our cognitive and physical 
abilities and be detrimental to professional performance. Relaxation training can 
help to control those aspects of performance and has enhanced elite athletes' and 
musicians' performance. We have adjusted this technique for surgical stress 
management training. 
Previous research has shown that there are two ways that relaxation can be 
beneficial. The following 2 exercises focus on reducing either physical or mental 
stress. It depends on your individual preference and what works best for you 
which one you use. 
Ideally you would practise both techniques. The physical relaxation techniques 
focus on reducing unnecessary tension in the muscles and enhance dexterity and 
technical performance and is likely to be beneficial during surgery. Mental 
relaxation techniques use visualisations of a natural, quiet scene and is likely to 
improve focus. Additionally, also trains your imagery skills which is beneficial for 
the mental rehearsal of operations in the second module of this training. 
The more regularly this exercise is practised, the easier it is to relax during high 
performance situation. 
Exercise 1: Physical relaxation 
" Sit down. Put your feet flat on the floor, with your hands placed easily on 
your lap. Close your eyes. 
" First, pay attention to the sounds outside the room; then within the room; 
then, notice your own thoughts. 
" Pay attention to the contact you make with the chair and the floor, and 
notice your breathing. 
" Take a deep breath, hold it for a moment, and let it out slowly. 
" As you continue to breathe, pay attention to the muscles around your face: 
your forehead, the muscles around your eyes, cheeks, mouth, jaw, and 
neck. As you exhale, imagine all tension draining away though your 
shoulders and though your arms, wrists, hands, and fingers. 
" Take a deep breath, hold it for a moment, and let it out slowly. 
" Notice how your chest relaxes, as well as your back, and your stomach, 
waist, and pelvis. Breathe in, and out, and relax. 
" Pay attention to your thighs, and notice any tension you may find in them. 
On your next outbreath, imagine all of the tension draining away through 
your knees, calves, ankles, feet, and into the floor, leaving you calm, 
relaxed, and alert. 
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" Remain in this state for a few minutes before taking three deep breaths, 
stretching, and then open your eyes. 
Exercise 2: Mental relaxation using imagery 
" To start with take a moment to relax. Then, let yourself imagine, one at a 
time, the following sensory experiences: 
" Now see: 
A sunset over the ocean, in beautiful colours, white clouds racing over the 
sky, 
a building that you like, a rose as it opens and blooms 
" Now hear: 
The sound of a rain storm on a tin roof, church bells ringing in the 
distance, the sound of wind in the trees, your favourite piece of music, the 
voice of a famous singer, the sound of waves breaking on the beach 
" Now feet: 
The sun on your back in the summer, a coot breeze on a hot day, jumping 
into a pool, the grasp of a firm handshake, walking barefoot on grass 
" Now smell: 
Your favourite perfume, a newly mowed lawn, burnt toast 
" Now taste: 
A cool refreshing drink, your favourite food 
" Let the scene fade, slowly stretch, and open your eyes. 
Mental rehearsal of an operation 
Mental rehearsal is the cognitive or imaginary rehearsal of a physical skill without 
overt muscular movement. The basic idea is that the senses - predominantly aural, 
visual and kinaesthetic for the surgeon - should be used to create or recreate an 
experience that is similar to a given physical event. The real life situation, e. g. of 
a crisis operation, can be simulated mentally and that way be experienced. 
Mental rehearsal is used to: 
- improve learning and memory 
- enhance the awareness of your actions 
- make practice more efficient 
- overcome technical difficulties and develop skills 
- refocus attention during performance 
- enhance general confidence and resilience 
- achieve greater control over negative emotion 
- achieve peak performance and experience 
For this study we suggest that you rehearse the operation that you have carried 
out recently in the simulated operating theatre. Use all your senses, so that you 
believe that you are actually in the simulation executing the operation with a full 
operating team. Be positive, move toward what you want to focus on and stay in 
control of what you want to rehearse. 
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During the mental rehearsal you can apply awareness to muscular relaxation, your 
inner dialogue during the operation and communication as well as you technical 
performance of the operative steps. 
Use the `Zoom in' and `out' techniques to particular aspects that you find 
important, such as critical phases during the operation or skills that you would like 
to improve. When you `zoom in' you can stretch the real time to a bigger time 
window that allows you to assess the situation in detail and work at each 
performance relevant issue. Identify your emotions, your physical state, your 
thoughts and your decision making process, your actions and communication with 
the team. Then optimise each of these aspects with the help of strategies of your 
choice. Your exercise will be more intensive and enables you to practise crisis 
management strategies. Your mental and physical system will `learn' to integrate 
these skills. 
The more regular you rehearse this mentally, the more likely it is that you 
improve your surgical performance and the better you will be prepared for the 
real life performance. You can try and mentally rehearse different scenarios and 
train your personal plan and backup plans. 
Reflect on your mental rehearsal afterwards. 
Exercise 3 Mental rehearsal of an operation 
Introduction 
1. Use all your senses when you mentally rehearse the operation in order to have a 
realistic experience during the exercise. 
2. Integrate all components of surgical competence in your mental rehearsal. The 
technical steps of the operation are just as important as team communication and 
decision making processes during the case. 
3. Try and `zoom in' at the critical phases of the particular operation scenarios 
and try to identify your thoughts, emotions and your physical state in these 
moments. Try to take unhelpful stress responses out of those simulations. Make 
use of self-control strategies, for example deep breaths and relaxation techniques 
or cognitive strategies. The aim is that you reach a point of optimal physical and 
mental state where you are alert but relaxed enough to operate fluently and to 
think, judge and decide and lead your team through the operation. 
4. Rehearse different crisis scenarios, and how you overcome the challenges 
successfully, following your personal plan for the operation. Be positive during all 
your mental rehearsal. For some people it is helpful to imagine their own ideal 
performance or the performance of someone they find particularly skilful. 
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Mental rehearsal exercise for carotid endarterectomy under local anaesthesia 
" Before visualising, take a moment to relax. 
" See yourself entering the operating theatre environment, going through the 
scrubbing up process and then entering the operating theatre where the 
team is ready to start the operation. - Create a realistic scene, 
incorporating all your senses, and all activities, for example 
communication with the team members, the patient and preparations. 
" Now, see yourself starting the operation, asking for the first instrument. 
Notice what you hear: What is the anaesthetist saying to the patient? 
Notice what you see: What does the draped operative field look like? 
How exactly is your body positioned in front of the operating table? What 
does the instrument in your hands feel like? 
In that moment, when you are about to start the operation, what is going 
through your mind? What are your feelings? Notice as much detail as 
possible. 
" Move on to the next steps of the operation. Then `zoom in' at the moment 
of your choice, for example just before you are going to clamp the artery: 
" What does the operative field look like? 
Now listen to the team: The anaesthetist is talking to the patient. What 
are they saying? What are your thoughts in that moment? 
What are your feelings? Where you are relaxed, and where you are tense? 
What are your next actions? What are you telling the assistant and the 
anaesthetist? What clamp are you asking the nurse for? 
" Move on the next steps of the operation. You are now clamping the 
arteries. 
Feel the clamp that you are holding in your hand. Feel and hear the 
`clicking' when you apply it. 
Notice your thoughts. What is your inner dialogue? Which thoughts are 
unhelpful? Try to use a positive approach, be logical and systematic in your 
thoughts and actions. Encourage yourself in your inner dialogue. 
" Move on to the next steps of the operation. During the endarterectomy the 
patient suddenly shows ischemic symptoms. 
What can you hear? What is the anaesthetist doing? Pay attention to your 
feelings in that moment. What are your thoughts? 
- Stop and stand back. Take a deep breath and relax your muscles in your 
neck and you arms. Slow down your movements. 
" Rewind and imagine the crisis situation again and focus on your decision 
making. - Imagine the moment when the patient suddenly shows ischemic 
symptoms. - Stop and stand back: What decisions need to be made? Go 
though your decision making pathway: What is the medical problem. What 
are the possible causes of the ischemic event? What can you change, and 
what is out of your control? What are the options to deal with the crisis? 
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What are your priorities? What is your plan? And what is your back up plan 
if your plan is not successful? 
" Now imagine how you are communicating your decisions to the team. What 
are you telling the anaesthetist, the assistant and the nurse? What are your 
words? What is the tone of your voice? How exactly do you want to deliver 
your message? 
" Now concentrate on your visual and auditory focus during the crisis. What 
are your eyes focused on. Which peripheral activities do you notice? To 
what extent are you listing to the comments of the team members? Now 
shift your attention from your own thoughts to the operative field, the 
patient, and then to the team. Control your focus of attention as it is 
appropriate in this situation. Now `zoom out' and move on to the next 
steps. 
" Imagine yourself performing well and as leader of the operating team. 
Finish the operation successfully. Take a breath, and leave the operating 
table. 
" Let the scene fade, and slowly bring your attention back to your present 
environment. 
Reflection on your mental rehearsal 
Which aspects of the mental rehearsal were easy to visualise? 
Which aspects did you find difficult to visualise? 
What aspects of this experience did you enjoy? 
What aspects of your performance would you like to change or improve on? 
4. Guidance for preparing the next (simulated) CEA 
STEP 1: Identifying individual strategies 
STEP 2: Comprehensive planning and preparing of an operation 
STEP 3: Practising your personal plan and strategies 
STEP 1: Identifying your individual strategies using mental rehearsal 
Mental rehearsal is a technique that experienced surgeons use to prepare for 
cases. Experts of other domains such as athletes and musicians also use mental 
rehearsal to improve their performance. It can be used to identify your own 
performance level and aspects that you would like to improve on. Moreover, it is 
an excellent tool to practise your personal ideal performance and to prepare for 
an operation. 
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STEP 2: Planning and preparing 
In surgical training the emphasis of planning a case focuses on the technical 
aspects of the operation. However, as previous research has shown that non- 
technical skills, such as communication and leadership, and managing stress levels 
is also crucial. Considering various aspects of an intra-operative situation enables 
you to enhance your preparations and performance. 
Please prepare your personal checklist with the strategies of your choice, 
considering all aspects of the operation as follows: 
Plan your preparations before you start the case, for example: 
o Consenting the patient 
o Introducing yourself to the team, building up a rapport, exchanging 
information before starting the case 
o Checking the instruments 
o Other pre-operative preparations 
Technical performance, for example: 
o Technical steps of the operation 
o Technical aspects of addressing possible complications 
o Consider procedural aspects such as careful handling of tissue, placing 
of stitches 
o Other technical aspects of the operation 
Integrate suitable stress management strategies in your plan 
Consider your cognitive performance, e. g.: 
o Prepare your decision making pathway, principles, backup-plans for all 
possible complications 
o Consider your focus of attention 
o Consider other thought processes that influence your cognitive 
performance 
Consider your own stress responses, e. g.: 
o The `Stop and stand back technique' 
o Relaxation techniques 
o Control your inner dialogue 
o Other aspects of your own reaction to stresses and demands 
Plan and prepare your communication for all phases of the operation, e. g.: 
o Strategies of leadership 
o Instructions and exchange of information with the team 
o Communication with the patient 
o Other aspects of communication that you regard as important 
STEP 3: Practice your personal plan and strategies 
Ideally you practise your personal plans in mental rehearsal sessions regularly. 
Alternatively, if you prefer going stepwise through your checklist, practise this 
instead. Choose which ever method suits you best. 
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4. Actor training for simulated anaesthetist and simulated 
patient 
Introduction 
The two simulation for the stress management training study use a simulated carotid 
endarterectomy under local anaesthesia with a full operating team. There will be a scrub 
nurse for each of the simulations, a surgical assistant and a consultant surgeon. The role of 
the anaesthetist (SA) and the simulated patient (SP) will be covered by actors. 
Each surgeon will undergo two different scenarios on separate days which will be outlined in 
detail below. The scenarios include 3 different stages of team interaction: 
" Baseline 
" Crisis (followed by recovery of the SP) 
" Continuing crisis (stroke, SP not recovering) 
These 3 interaction stages build the scenario. They are described for the communication of 
the SA with the SP and the surgeon. The SA's statements, responses of the surgeon, and 
the SA's responses to the surgeons requests are outlined for each of those. This overview 
will include the displayed values on the anaesthetic monitor and the SP's responses as cues 
for the anaesthetist. 
During real life CELA the anaesthetist has a very important role in the operating team. It is 
crucial that s/he is competent and completely in control of the patient's state during this high 
risk operation. The anaesthetist would be experienced and is responsible for the patient 
during crisis situations while the surgeon is attempting to complete the operation. 
In the simulated CELA the interaction phases are described around the actions of the SA, as 
s/he provides cues for the SP and the surgeon. For all three phases communication is 
outlined in the following structure: 
1. General meaning of the operative phase 
2. Communication of SA with the SP 
- SA's statements 
- SP's response 
3. Communication of SA with the surgeon 
- SA's statements 
- Surgeon's requests 
- SA's responses 
Phase 1: Baseline interaction during simulated CELA 
1. General meaning of this phase 
The simulated CELA scenarios include phases in which the patient is stable, as the operation 
proceeds according to plan, with the anaesthetist monitoring this stable progression. These 
two phases occour at the start the operation prior to the crisis phase, and again, following 
complete recovery from the crisis. 
Baseline interaction includes primarily communication with the SP. However a more 
important role of the SA revolves around the initial communication with the surgeon to 
facilitate the illusion of reality necessary for the success of the simulation. Small talk and 
some professional conversation will help to build up a rapport and a realistic team 
atmosphere. 
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2. Communication with simulated patient 
SA's statements 
" Checking motor functions of the SP 
"Can you squeeze the ball please? " 
"Can you wiggle your toes? " 
" Checking ability to speak, think and respond to questions appropriately and 
therefore involving them into a conversation 
"How is your dog? Grandchildren? " 
"Where do you go on holidays? " 
" General wellbeing of the patient 
"Are you comfortable? " 
Suggested behaviour: continue a friendly, calm conversation and avoid questions that can be 
answered with a simple yes/no. The idea is to keep the SP talking. This should not be an 
overly intruisive loud conversation. The surgeon should be aware of it as a background noise 
rather than a dominant feature. 
SP's responses 
During baseline conversations the SP responds to all questions in a way that indicates their 
movements and ability to speak and think is ok. The SP is a bit anxious, sometimes a bit 
uncomfortable, but generally feeling ok. 
3. Communication with surgeon 
SA's statements 
" Smalltalk 
"Where are you from? " 
"Where did you work before? " 
" Professional conversation 
Before starting: "Are you comfortable with the setting? " 
Later during the operation: "How are you getting on? " 
4 Stress a normal conversation so that the surgeon is able to build up a rapport and to 
`forget' that this is a simulation and not a real OR environment 
Surgeon's requests 
" Check of patient's condition 
"Is the patient all right? " 
This question refers to: 
- Blood pressure and heart rate of SP 
- If there are any new medical problems occurring 
SA's response 
" Indicating that the patient is ok 
"stable" 
"doing fine" 
" Telling HR and BP values 
(read from monitor) 
401 
Phase 2: Crisis during simulated CELA 
1. General meaning of this phase 
A crisis is an event during CELA where the patient shows symptoms as impaired motor 
performance, slurred speech, drowsiness, and confusion. This state can increase and lead to 
unconsciousness. 
These reactions mean that the brain of the patient is not supplied appropriately. If the blood 
supply has been assured, the patient will recover immediately and get back to 'baseline 
state'. 
2. Communication with SP 
SA's statements 
" Checking motor functions of the SP 
"Can you squeeze the ball please? " 
"Can you wiggle your toes? " 
"Can you hear me? " 
"Are you ok?? Joan?? Are you alright? " 
Suggested behaviour: show a very concerned and nervous response 
SP's responses 
SP first shoes the symptoms and then gets unconscious and does not respond to any 
question. 
3. Communication with surgeon 
SA's statements 
Initially: 
" Informing the surgeon about the crisis 
Telling HR and BP from monitor 
"The patient is tachycardic! " 
"S/he is not responding. " 
" Additional pressure/questions for the surgeon 
"How are you getting on? " 
Suggested behaviour: Stress the risk and concern during the crisis, and display 
Surgeon's requests 
"How is s/he doing? " 
"Just keep an eye on it. " 
SA's response 
" Indicating that the patient is in a crisis state 
(see statements above) 
" Telling HR and BP values 
(read from monitor) 
" If surgeons reacts rudely, show that you are not happy with that 
"What do you mean?! " 
"I don't like this tone. " 
"Come on, calm down! " 
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Phase 3: Continuing crisis (stroke) 
1. General meaning of this phase 
If the patient shows crisis symptoms, gets unconscious, but does not recover after about 5-8 
minutes, a major injury in the brain has occurred. This means that the patient would suffer a 
stroke and would have impaired motor function after the operation etc. 
When the surgeon has tried everything necessary to improve the SP's state during the 
simulation and the SP remains unconscious, it becomes evident that the SP has a stroke. At 
this stage the surgeon needs to decide on further actions. They will ask the SA to intubate, 
and then continue to finish the operation. This is when the SA does not communicate with the 
patient any more and only occasionally puts some pressure on the surgeon. 
2. Communication with SP 
SA's statements 
Initially response similar to crisis. When patient does not wake up: 
" Checking motor functions of the SP 
"Can you squeeze the ball please? " 
"Can you wiggle your toes? " 
"Can you hear me? " 
"Are you ok?? Joan?? Are you alright? " 
--) show a very concerned and nervous response 
SP's responses 
SP first shoes the symptoms and then gets unconscious and does not respond to any 
question. 
3. Communication with surgeon 
SA's statements 
Initially similar as in crisis situation: 
" Informing the surgeon about the crisis 
Telling HR and BP from monitor 
"The patient is still tachycardic! " 
"S/he is not responding. " 
"Have you inserted the shunt? No difference, this is not looking good" 
Later, after intubating: 
" Informing the surgeon about SP's state 
"The pupils of the eyes are funny, (not really equal and not reacting)" 
"Breathing is not good" 
" Additional pressure/questions for the surgeon 
"How are you getting on? " 
- Stress the serious situation and that you feel concern that the patient has a severe stroke 
Surgeon's requests 
" Instructions 
"Are you going to intubate? " 
" Check of patient's condition 
"How is s/he doing? " 
"How are the vital signs? " 
"How is the pulse rate? " 
"Are there any movements, anywhere? " 
"When do you think the family can have a look at the patient? " 
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SA's response 
" Indicating that the patient is in a crisis state 
(see statements above) 
"No movements" 
" Telling HR and BP values 
(read from monitor) 
" Advice 
"I would leave it for 6 hours till moving to ITU, s/he is not quite stable" 
Please do not suggest intubation, wait for the surgeon. Only if the surgeon is very 
junior and seems quite out of his depth suggest calling for a consultant and that you 
are going to intubate. 
Specifics regarding medication 
Heparin 
Function: to keep the blood `thin' 
Usually given upon request of the surgeon. It is often given after an operation. During CEA 
under LA surgeons may use it during the case, but not all surgeons find that necessary or 
appropriate. The SA may ask the surgeon during the crisis management phase if he wants 
heparin given. 
Lignocaine 
Function: Local anaesthetic 
- can be injected under the skin near the end of the operation to reduce pain. For pain 
relief used in combination with Chirocaine. 
- can be injected into the carotid body if the heart rate has dropped (i. e. severe 
bradycardia), to increase heart rate again. Some surgeons will choose to block the 
carotid body before starting to apply clamps therefore preventing bradycardia 
developing. 
Antibiotic 
Function: Protection against infection 
Usually asked at the beginning of the operation. Not commonly used unless the surgeon is 
planning on using a patch. 
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Overview of Simulation Scenario 1 for actor training 
Intervention Study: Simulation Scenario 1 
Phase of Simulated Simulated Patient Monitor Simulated Anaesthetist 
operation Crisis 
Pre-operative Baseline Baseline Baseline Phase 1: Baseline interaction 
phase Building up rapport with surgeon 
Clamping Responding to surgeon's request 
the arteries Talking to SP 
Arteriotomy Checking motor function 
Endarterctomy Crisis Symptoms: HR Phase 2: Crisis interaction 
- slurred speech BP Emphasis on crisis: 
- no motor function - Speaking to SP 
- unconsciousness "Can you squeeze the ball please, 
are you ok?? " 
- Speaking to surgeon: 
"The patient is tachycardic" 
Shunt insertion Recovering Waking up, but HR Phase 1: Baseline interaction 
from stroke weaker than before, BP Talking a lot to SP, checking 
less talkative motor function 
Continuing Baseline Baseline, but Baseline Informing surgeons about 
endarterectomy weaker improvement of SP's condition 
Closure Responding to surgeon's requests 
Shunt removal Crisis Symptoms: HR Phase 2: Crisis interaction 
- slurred speech BP Emphasis on crisis: 
- no motor function - Speaking to SP 
- unconsciousness "Can you squeeze the ball please/ 
are you ok?? " 
- Speaking to surgeon 
"The patient is tachycardic" 
Final closure Recovering Waking up, Baseline Phase 1: Baseline interaction 
from stroke responding, but Talking a lot to SP, checking 
very weak motor function 
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Overview of simulation scenario 2 for actor training 
Intervention Study: Simulation Scenario 2 
Phase of Simulated Patients Monitor Simulated Anaesthetist 
operation 
Pre-operative Patient stable Baseline Baseline Phase l: Baseline interaction 
phase Building up rapport with 
Start of surgeon 
operation Talking to SP 
(applies slings) 
Clamping 
the arteries 
Arteriotomy 
Endarterctomy Crisis Symptoms: HR Phase 2: Crisis interaction 
- slurred speech BP Emphasis on crisis: 
- no motor function - Speaking to SP 
- unconsciousness "Can you squeeze the ball 
please/ are you ok?? " 
- Speaking to surgeon 
"The patient is tachycardic" 
Shunt insertion Continuing Unconsciousness HR Phase 3: Continuing crisis 
Crisis (stroke) BP interaction (stroke) 
Expressing concern 
"the patient is still 
tachycardic" 
Speaking to SP, but no 
response 
Expressing more concern 
"Have you inserted a shunt? 
No difference, this is not 
looking good" 
Checking shunt Continuing Unconsciousness HR Phase 3: Continuing crisis 
crisis (stroke) BP interaction (stroke) 
Expressing concern 
"The patient is having a 
stroke" 
"Ok, I am going to intubate" 
"How are you getting on? " 
Closure Continuing Unconsciousness HR Phase 3: Continuing crisis 
Shunt removal stroke BP interaction (stroke) 
Final closure 
Post-op crisis 
arrangements 
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APPENDIX G: ASSESSMENT TOOLS OF THE INTERVENTION STUDY 
1. Participant information 
2. Surgical decision-making rating form (DM) 
3. Surgical Coping Questionnaire (SCOPE) 
4. Post-experimental questionnaires 
5. Qualitative evaluation of mental rehearsal and relaxation training 
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1. Participant information on the research study: Surgical stress 
management training 
This is a project funded by the BUPA foundation and is supervised by Dr Maria 
Woloshynowych, Lecturer in Clinical Safety, and Mr George Hanna, Reader in Surgery, 
Department of Biosurgery and Surgical Technology, Imperial College London. 
You are being invited to take part in a research study. Before you decide it is important for 
you to understand why the research is being done and what it will involve. Please take time 
to read the following information carefully and discuss it with others if you wish. Ask us if 
there is anything that is not clear or if you would like more information. Take time to decide 
whether or not you wish to take part. 
Aim of this project 
The aim of our study is to provide an evidence-based training for surgeons to learn 
controlling difficult situations in surgery, using simulations in the Simulated Operating 
Theatre at St Mary's Hospital. The experience in the simulator will be combined with a 
specific stress management training for surgeons. 
The training programme 
The intervention will include information and training on stress management strategies that 
experienced surgeons use to control stress levels during operations to assure optimal 
performance. This is based on previous studies of our group that were funded by the 
American Association for Surgical Education (ASE). 
The simulated operation 
You would carry out a simulated carotid endarterectomy under local anaesthesia, with a full 
operating team and a simulated patient, using a bench model of the carotid artery as 
operative field. Information on the operation, available instruments and the bench model 
will be provided beforehand. After the second simulation you will receive feedback on your 
performance. 
Objective measures of stress include continuous heart rate monitoring (using a wireless 
sensor) and salivary cortisol before and after the operation (participants chew a small cotton 
swab). Afterwards we will interview each surgeon about his or her experience during the 
simulated operation and apply several questionnaires. All data only will be confidential and 
used only for the purposes of our study. No information will be given to any of your clinical 
supervisors. 
The information we get from this study may help us to develop our training intervention 
further and help to improve surgical training. 
Confidentiality 
All information which is collected about you during the course of the research will be kept 
strictly confidential. None of the information is in a format in which you would be 
identified. 
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Thank you very much for your time and consideration. I'm looking forward to hearing from 
you soon. Please don't hesitate to contact me if you would like any further information at 
this stage. 
Voluntary participation 
It is up to you to decide whether or not to take part. If you do decide to take part you will be 
given this information sheet to keep and be asked to sign a consent form. If you decide to 
take part you are still free to withdraw at any time and without giving a reason. A decision 
to withdraw at any time, or a decision not to take part, will not in any way affect your 
professional advancement. 
If you decide to participate, then please mention during the informed consent with the 
patient that you are taking part in this study in case the patient had any concerns about it. 
In order to be able to assess the training we need to make comparisons. You will randomly 
be allocated to one of two groups: the intervention group or the non-intervention control 
group. In the intervention group you will receive stress management training after the first 
simulation, in the control group after the second simulation. Participants are randomly 
allocated which has no information about the individual. Participants in each group have a 
different treatment and these are compared. 
Best wishes 
Yours sincerely 
Cordula Wetzel 
Research Associate 
Email c. wetzel@imperial. ac. uk 
Tel +44 (0)20 7886 1786 
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2. SURGICAL DECISION-MAKING RATING FORM (DM) 
Evaluation for procedure specific surgical skills during simulated carotid 
endaterectomy under local anaesthesia, crisis scenario of a continuing intra-operative 
crisis due to ischemic symptoms of the simulated patient. 
Please circle the candidate's performance on the following scale: 
Criteria 1 2 3 4 5 
1 2 3 4 5 
Identification of 
Problem not Problem identified Prompt 
identified by another party. identification. Clear 
patient CVA at Appropriate notification to team. 3 minutes surgeon response. Clear and 
appropriate plan of 
action (shunt 
insertion). 
2 3 4 5 Identification of 1 Problem identified Prompt 
continuing by another party. identification. Clear 
crisis, patient Problem not Appropriate notification to team. 
not recovering identified surgeon response. Clear and 
appropriate plan of 
action 
1 2 3 4 5 Reaction to 
continuing No actions, no Suggestion by Prompt check of 
crisis: checking checks another party to shunt 
causes for check for causes of 
ischemic the crisis. 
Appropriate 
symptoms surgeon response: 
checking the shunt 
1 2 3 4 5 
No specific action Attempt made to Instructions to the 
Reaction to taken finish operation team about further 
continuing more rapidly. actions (e. g. 
crisis after Closure may be intubatiing), 
checking the rushed or Reassurance of 
shunt ineffective team. Prompt and 
effective closure of 
vessel with fast 
clam removal. 
410 
3. Surgical Coping Questionnaire (SCOPE) 
PRE-OPERATIVE STRESS MANAGEMENT 
Which strategies did you 
use preoperatively for the 
simulated CEA? 
Please tick the white boxes: 
= used just before the 
simulation 
Avoiding external stressors 
Knowing the operation 
Seeking knowledge about the operation 
Planning the operation 
Anticipating possible complications 
Backup planning 
Knowing the patient 
Checking patient notes 
Consenting the patient 
Knowing the equipment and facilities 
Checking the availability of instruments 
Checking the functioning of instruments 
Familiarising yourself with the theatre environment 
Knowing the team 
Knowing your team and their roles 
Knowing the team's experience level and what support you can expect 
Build up a rapport with team members 
Brief the team 
Knowing yourself 
Knowing your own level of skills 
Knowing the time you take for specific tasks 
Knowing your own limitations 
Knowing your own reactions when feeling under stress and pressure 
Knowing when to call for advice or help 
Cocooning 
Building up individual resources 
Broadening knowledge and skills 
Practising surgical skills 
Mental rehearsing of the operation 
Visualising yourself actually performing the operation 
Running through a mental checklist of actions before starting the case 
Ensure your own optimum physical condition 
assure I am in optimal physical condition 
Sports and hobbies as long term strategies to build up physical stamina 
Mental preparedness: the scrubbing up process 
Using the scrubbing up process as barrier between pre- and intra 
operative phase time for mental preparedness 
Awareness of stress before and during surgery 
Early recognition of potentially stressful situations 
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INTRA-OPERATIVE STRESS MANAGEMENT 
2. Which strategies did 
you use during the simulated CEA? 
Tick the white boxes: 
= used during the 
simulation 
Acknowledging stress is a relevant factor in performance 
Acknowledging your own emotional, physical, cognitive stress responses 
Acknowledging the potential impact of stress on surgical performance 
Acknowledging highly pressured situations are part of surgical practice 
Acknowledging stress management as part of surgical competence 
Acceptance of uncontrollable problem 
Accepting situations and circumstances that cannot be changed 
Shutting out worries and unhelpful thoughts related to these factors 
Control of yourself 
'Stop and stand back' technique 
Reducing stress level 
Emotional 
Physical 
Behavioural 
Cognitive strategies 
Reassuring oneself 
Self talk 
Self-instructions to improve focus and systematic actions 
Positive self-talk to reduce doubts and enhance confidence 
Mental distancing techniques 
Focussing 
Rationalising of stressful events (e. g. stroke during CEA) 
Positive orientation 
Blanking out distractive thoughts (e. g. worries) 
Ergonomic adjustments 
Control of the situation 
Reassessment of the situation 
Judging of the current situation 
Seeking information 
Decision making 
Considering all options 
Prioritising 
Deciding 
Planning 
Backup-planning 
Intra-operative preparations 
Preparing all equipment for the next stage of the operation 
Exchanging all information with the team 
Leadership 
Systematic technical approach 
Performing the technical stages of the operation 
Safe and systematic actions, no shortcuts 
Compensating for lack of team support 
Doing most of your own assisting 
If the situation allows it, providing instructions to the team 
Calling for senior or specialist help 
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5. Qualitative evaluation of mental rehearsal and relaxation training 
S Feedback on Mental Rehearsal Training 
1 The mental rehearsal was helpful. I found I was able to concentrate more and think 
more clearly. I have rehearsed the steps of the operation and the communication. 
2 The mental rehearsal was not new. I used to do that anyway. Rehearsing a crisis 
scenario was new. I did not rehearse self-control, but I guess I have added the 
environmental things: communication, sounds, smells, more `colour' to the 
rehearsal, it has become deeper, more intensive. 
3 The CDs on relaxation techniques and mental rehearsal were quite unfamiliar, I 
would have preferred a face to face training, in particular the mental rehearsal. I 
mentally rehearsed the difficult parts of the operation and thought about them. 
4 I usually rehearse the day before the operation. At the actual day I don't think about 
the operation to keep my mind clear and to not overdo it. I deliberately don't think 
about it, I just apply what I have practiced before. 
Written comment on feedback form: 
It provides the opportunity to rehearse a different scenario every day. The more 
rehearsals the best action during surgical practice, crisis or not. 
5 I found the mental rehearsal good, I do that usually. The CD with the mental 
rehearsal I found difficult to listen to and to focus. 
6 I do this in music as well, I mentally rehearse how I move my hands and I visualise 
accord structure on my hands. It is difficult to take parts out of the context. An 
operation is similar. 
7 Response immediate after the mental rehearsal exercise: 
"That was interesting. I think, I think you have made a difference, actually. " 
Mental rehearsal perhaps I should do a bit more. 
The booklet is useful, perhaps during SpR training, early on it would be good to use 
it, and to put the mental or to develop a mental rehearsal rather than talking about 
irrelevant subjects. 
8 Mental rehearsal of an operation is very important and rehearsal of `what if 
scenarios gives you the best chance of making a good decision in a crisis. Ten 
minutes before the operation I mentally prepare, I don't chat, I plan, and I go through 
the best and then through the worst scenario. 
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S Feedback on the surgical stress management booklet 
1 The booklet was very good. 
2 The booklet was the most helpful of the 3 things. 
It could be more prescriptive and include clear instructions. 
I liked the preparedness bit, mental rehearsal, control of the environment. 
It should be more emphasised that aggressive behaviour in the OR is extremely unhelpful to ev eryone, 
this should be stated clearly 
Written comment on feedback form: 
Some interesting strategies - most, if not all, of which I have used or seen being used. They are aspects of 
surgical training that are not in any way formally taught, but that you pick up on and develop during 
surgical training. Interesting to note the comments of the senior consultant about losing your cool - 
despite the best of intentions there are not many surgeons who "give the air of being completely in 
control... coldly, calmly and calculatedly" when in stressful situations. However, it is always the 
surgeons who do remain calm who leave the most positive impression. I think this is very helpful, for 
unior surgeons especially. 
3 The booklet was great. The examples were fantastic, but it could be more didactic and more readable, 
including pictures or cartoons. The scrubbing up thing was interesting, that this is a barrier between real 
life and theatre. 
4 1 had to work out coping strategies myself. The booklet is a very good analysis and classification. 
Learning these strategies is part of surgical training, but I never consciously thought of it. I had to learn 
all of this by myself, there was very little feedback during my training, a very tough atmosphere, you 
have to be able to learn by watching. Communication was not very cultivated where I was trained. I have 
never consciously checked the instruments before the operation, I am going to do this in the future. 
Written comment on feedback form: 
It was really interesting to read such a systematic analysis of the strategies that can contribute to the 
occurrence and management of surgical stress. Apparently, gaining surgical expertise is more than just 
excellence in surgical technique. 
5 People don't teach any of this during surgical training, it is like that: `see one, do one, teach one'. I did 
not know how I cope with my stress, but now I know how I identify it and I can apply some of the 
strategies. Noone ever told my about that before, so I am pleased. The booklet made more sense after I 
listened to the CD, but then I think it is much better if someone speaks the exercise to you. I like the idea 
of cocooning. 
Written comment on feedback form: 
Well thought out, very comprehensive information booklet; 
Alerted me to stress management strategies I never knew before or considered using; 
Cognitive approaches especially useful; 
I would now most definitely adopt my behaviour during stressful crises in a more methodological 
manner. 
6 1 did not apply these strategies formally, this booklet makes it more formal. 
Those surgeons who don't know the strategies would find it useful. There were things I had picked up 
from working with people and this was consolidated, e. g. mental rehearsal, it is good to know that these 
are right things to do. 
7 The booklet is useful, perhaps during SpR training, early on, it would be good to use it, and to put the 
mental or to develop a mental rehearsal rather than talking about irrelevant subjects. I could relate to all 
of it. I do a lot of that, but never really thought that I use this to manage stress. I found it useful as it made 
me aware of what I am doing by accident. The first bit, knowing the operation etc, is trivial. It is my 
professional responsibility to know the patient, the equipment etc. but if it is missing, that is stressful, it 
happened to me before. This `stop and stand back' is the best. And to get everyone to shut up. I do do 
that, it really helps. Shouting is a complete waste of time, it's not helpful, upsets them even more and 
they are not listening. I use a lot of mental distancing and rationalising. For situational control I think 
making progress is important. For controlling dynamics awareness is important, the bigger picture. 
8 Written comment on feedback form: 
This is a useful guide to understanding surgical stress and common strategies used to cope. Many of the 
techniques we would already know, or use without being fully aware of why we use them. Coping with 
surgical stress is just an extreme of dealing with every day stresses of life. Many coping strategies are 
learnt at an early stage from good parents and friends. I believe each person has an innate ability to cope 
thought this varies significantly from person to person. Knowing that there are structured tasks to 
improve coping strategies is very helpful. This handbook succeeds in that respect. 
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APPENDIX H: COMPACT DISC WITH AUDIO AND VIDEO MATERIALS 
attached to the back cover of this thesis 
Mental rehearsal training 
Introduction to mental rehearsal 
Mental rehearsal of a carotid endarterectomy 
Relaxation Exercises 
Physical relaxation with music 
Physical relaxation without music 
Relaxation using imagery 
Educational video on carotid endarterectomy using the bench model 
Video extract of a simulated carotid endarterectomy 
(L. 
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